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Voi. XV. 


THE DEVELOPMENT OP AGRICULTURE. 

Tho proiiouiivviueuts iiiailv U> llie sciontific world in th<' 
addi’ossfs. fleliw'ivd helore the British Assooiiilion (ISectioii M — 
Agriculture) in Au.stralia by Mr. A. D. Hall, F.IhlS.. cany very 
coiisidera))h‘ weight and are likely to he far-reaching in their 
infiuence upon State i>olicy. Tin* addresses endeavour to lay 
new and broad foundations, and these have for their object the 
construction of a higher agi'iculture. iNTost of the ideas put 
forward are remarkably suggestive. es[)ecially so to the Tropics 
in tlit‘, secijiid addre.ss, wliich Avas delivered in a State where agri- 
cultun* prevails under semi-tropical and even tropical conditions. 
Furthermore, Mr. Hall, formm-ly an unotticial and now an oflicial 
worker in agricultural science, sounds the note of research under 
these two very dilfeiHuit. auspices. Reference to this ([uestion is 
of interest in the Colonies where, in contradistinction to Great 
Britain, investigation work is almost entirely Departmental. 

It should be stated that jMr. Hall’s views on these matters, 
reproduced below, if they tend to emphasize the disadvantages 
of State control, refer rather to the liighl}^ complex organization 
of the Civil Service of Great Britain than to the more plastic- 
departmental systems of the Crown Colonics. In other words, it 
is admitted that the scope and attainments of Departments of 
Agriculture in the Tropics are greater, and the contact with the 
producer more intimate than in the case of similar Depart¬ 
ments in Great Britain. 
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Turning more particularly to the first address* which tool< 
for its theme the winning of new land for agriculture, it was 
pointed out tliat the causes which render land unprofitable niaj 
be summarized as rainfall, either excessive or deficient; the 
texture of the soil which produces infertility ; and finally, ihi 
absence of a sufficient supply of lime. All three of these causes 
are f o be laced in the Tropics, and notably so in many parts oi 
the West Indies, though the last cause—the deficiency of lime — 
is one concerning which it seems dangerous to formulate toe 
general a statement; for we know that in the Tropics, at least-, 
there are areas of land like some of the volcianic soils of the West 
Indies, the forest soils and the rubber-growing soils of Malaya, 
which are entirely deficient in lime. Yet they are among tlu 
most fertile of soils in the world. 

Tlie rechimation of waste land vnn often be (tarried out by 
the applicati<.)n of the methods of dry farming. Deficiency oi 
water can also Ixi overcjouie by the production of varieties of 
plants capable of producing large stores of material with the use 
of relatively small (juantities of water. A superfiuity of moisture 
can be cjorrected by drainage, and it is pertinently observed by 
Mr. Hall that even irrigation in arid regions must always Ix^ 
accompanied by an efficient system of drainage. 

Land of an unfertile texture has from tinu* to time beeji 
brought back to cultivation by the process of accumulative 
fertility in whi(;h land is cropped in grass or a leguminous pastuiv 
crop, and allowed to remain for some years uncut, or grazed in 
cmijuiK'tion with artificial feeding of the live-sUxrk. There is 
little doubt that in future years other kinds of physically 
impossible soil may be rendered w{)ikable by the methodical 
eniploymcnt of explosives, and the. judicious utilization of manures, 
though as years go on manures will become less easily obtainable, 

The assistance of lime is urged to be greatest in th(* cas(‘ ol 
peat and other a(;id soils. This refers especially to such land 
existing in temperate countries. 

All tlu‘se matters considered above have a distinct significance 
from the West Indian point of view. Of a more abstract nature, 
and more far reaching and propht‘tu? are the idras involved in 
tlu^ second address which we reproduce in full. This address in 
reality discusses the futures of agricultural research in the British 
Empire; and,' as stated in the opening ])aragraph of this 
kitrodnction, lavs tlie ff)nndations of a higher agriculture. 

Mk. Hall’s Second Address. 

The fact that this Address is to be delivered in the capital 
city of a Siatef in which semi-tropical, and ev^eii tropical, condit¬ 
ions prevail suggests some considei-ation of the future of countries 
in which vegetative development, and therefore the production 
of food, can attain such a level as is possible here. 

At the outset let me remind you of two prijue facts in tlie 
natural history of man. In the first place all civilization is based 
upon food supply ; no other industry is ci'oativc, and the wealth 


See Agriculfural Neivs^ Vol. XIII, p. 383. 
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of a community might almost be measured by the amount of time 
that remains at its disposal after it ]ias secured, either from its 
own land, or by exchange, the food it needs to live upon. Be(;ondly 
we must look forward at no very distant date, as the life of 
nations goes, to tlie exliaustion of tliose capital stores of energy 
in the world —coal and oil —on which the tairrent industrial 
hystein is based. How long the stcu'es may last is a matter of 
dispute, but oOO years is a liberal estipiate, and we can be pretty 
surt^, in a world in whirdi prophec^y is notoriously unsafe, that 
nothing remains to be disc,overed which can take the place of 
tliose savings from the (‘iu*i*gy of bygone epoc^hs that are 
I’epi-esented l>y coal and oil. With the passing of industrialism 
lire importance of agii(‘ultnre will grow, and while the world-as 
a whole will still he able to siprport the same number* of people as 
arc fed by agric'ullurists of lo-day, great r eadjustments of the 
population will have to lie etf'eelerl, aceoi’ding to the productive 
powers of tlje land in ea(*h connli v. Hhoiild popnlation eoiitinue 
to increase, and tle^ Hpi*ead (d* organized and stalJe gov<niimeni 
ensurt^s that it will grow. ther*<" must come a rlemand for the 
better* ntilizalion of the land, and for a higher* prodiK^tion of food 
tlian at pi*(^sent ])n*vails ; indeed, even in tlh‘ last few yearns 
symptoms of this inei*easing demand for food ha ve been in eviflence. 

Let ns see what the land (ian be madt* to do at the pi’csent 
time in the way of supporting popidal ion. and for lliat we must 
turn to tbe East, whei*e long experi(*iie(^ of lire art of intensive 
agricultui'e goes liand in Irand with an ojrLimnm climate and 
a jropnlation of maximum dtMi.sity. Ilni*al -lapan is reported to 
eari*y a ])(»pnlation of 1,922 to tla‘ s(juai*e mih*, eutii*ely snj)ported 
by agrieult nr*e. lail maintaining in addition its (piota (;f olU(*ials 
and industr*i.*ilists. h^vrur this nnmljer is exeetided in (^hina. 
wh<a*i'a far*m of 2J. ‘leres will snj)port a family of eight to ten 
|H-o})le and whei’t*, in some s]>eeial ('ases, as on tlie island of 
t9mngniing. tlu‘[)()pnlati<»n li\ing wholly tni tin* laud may i*ise 
ne.‘u*1y to IJMip poi* s^jinire mih*. t'ompai'ed with tliese ligui*os 
the densit\' ol' population on Wesloi*n land is trilling. The 
1'iiited Stat(‘s is said to maintain no rnori* than sixty-one per 
s(jna]*(* mih* of its enlti\a,ted land, England something ov(‘r* 
ninety, Ir(*l;nid about iLMt. and lM‘]gium. perliaps the, most- 
iiitenst'ly <‘nll ivated of Eui*o]»ean eonnti*i(.s, n<»t m()i*e than 29d 
per s(|uai'e mile oi'eiilt i\ a I ion. Now, these enoi-mons densiti(‘s of 
rni*al [)opnlation ari* aoeompaiiied by a very low standard of 
living ; the people il‘ sti'ong ami liealthy. t‘xist on tin* vi‘ry margin 
of snst<‘nanee. d'o tak('a ei*a.sh standard, an exp(*ric‘need rural 
hihom*(*r* in China eaririot eommaiid more than iul. a dav, on 
wliieh In* will support, a family. Ihrt for this small pay of th/. a 
1 nil day's work will he obtained : imleed, sm*h a <lav s work as 
tin* wlritt* man wonhl tiud it almost impossihl • to giv(‘ nmler the 
elimatie conditions pi'evailing. 

vSiK'h a stat.(* of eontimions toil seems to la* the ru'cessarv 
out<a>me()f an imiividnalistie syst»*m of farming iiieonnlries with 
no gi'(‘a.t indnst rial (Hit let.':, \\ her<* the pressnrt* of an in *i*easing 
pojmlation i(*snUs in eontinnetl sulaiivision ot' the land. Of its 
kind Chinese agriculture is magnilieent. as far as one t an judge 
from tin* aeeoimts : tin* lainl is mado to do an (*xtt*aoi*dinai \ 
duty, hearing twm or three full erops a year ; waste is riori 
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existent, and long experience has taught the farmers to 
anticipate in practice some of the most recent discoveries of 
science in the way of conserving and recuperating the fertility 
of the soil. Though no statistics are available, the land seems to 
have been raised to its highest level of productivity per acre, just 
as it has attained its maximum population-carrying capacity. 

Now the Australian, like other farmers in new countries, is 
often reproached for the low-yields per acre that he obtains — 
10 to 15 bushels of wheat per acre, as against 32 in England, and 
rather more in Holland and Belgium. Unfavourable as is this 
comparison of Australia with Europe, still greater appears the 
superiority of China and Japan, though it cannot be reduced 
to statistics. But the Australian (juite rightly replies by setting 
up another standard of comparison ; not the production ])er acre, 
but the production per man is his critiu'ion, and on this basis, the 
Australian farmer takes a very high position indeed. Against 
the productivity of the land when labour is unliniited he opposes 
the ideal of the productivity of the man wlien aided by machines 
and unlimited land. 

Organized large-scale farming suppoi-ts far more people than 
the labourers actually employed on tlu^ land ; it- buys machines 
and raw materials like fertilizers, it pays rent and makes prolits, 
all of which go to the support ol other peo[)lc, who an^ at bottom 
fed and maintained by the production from the land. 1 have 
calculated that the most highly cultivated farm with which 1 am 
ac(|uainted in Britain, a farm selling merely meat, potatoes, and 
corn, would actually support people at tlie rate of over 1,000 per 
square mile, if they were to live at such a low subsistence level as 
that of tlie Oriental small farmers. The standard of living that 
in fact prevails is of course very dillerenl, but Jievert hcless, when 
all the exchanges of commodities and .services against food ar<i 
completed, that S(|uare mile of highly organized faian land is the 
ultimate support of a population comparable with that vesirl iit 
on Eastern land, even though the number of people actually 
tilling the soil is small eJiough. 

But even if t))e number of people maintained by a given aroii 
under Western conditicjiis is far greater than would appear from 
those employed in cultivating the soil, thei'c must come a time 
when the pressure of an increasing population will necessitate 
a much higher agricultural etticiency in the way of production of 
food per acre. Now, if we attempt to meet this pi*essuro by 
subdivision of the land, attracted by the specious appearance of 
a large population supported on the soil, the operation of competi¬ 
tion Avill force them down to such a low standard of living as we 
find ill China and Japan. A large numbei' of men on the land 
does not necessarily make for more food for tlie community, 
because in practice we find that the s tandard of cultivation and 
production per acre of the small holder is actually below that of 
the larger farmer in the same class of business. For example, 
1,000 acres might be cultivated by twenty men, so as to produce 
as much food as if it were divided up and made to carry 200 men 
on 5 acres apiece ; the community, considered as a whole is richer 
in the former case by the labour of J80 men, labour that can be 
devoted to the production of other articles which the small holders 
would have to go without. Clearly, if twenty men can grow a 
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m aximiim of food on the thousand acres, it is mere waste to 
employ 200 men about it, thongli, at first Idnsli, in the latter case, 
tin* land seems to be carrying ten times more men. The only 
(juestion is wliether the intensive mltivation, \vhich is more or 
less forced np{)n tdie 200 holders of 5 acres, can be obtained when 
the area is (*nltivated, as a \vhole, by only twenty men. There 
is no lack of evidcmce that, it can, but the means by which such 
large-scale fanning can in the end beat mere grinding hiunan 
labour, is by utilizing t(» • the fnll th(^ resources of' science, 
jriacliinery, aiifl or'ganization. In fact wlien the world becomes 
fully populated, tin* applic ation of s(*ienca to agriculture is the 
only method by wliicli the community c^an be saved from falling 
into the Oi'ienlal condition of a community of labourers working 
incessantly for a bare subsistence. 

Now, we may ask ourselves wliat remains foi* siucmce to do 
towards the improvement of agricultui’e. Practically everything. 
Agriculture is half as old as man ; centuries of exj^erience, 
of trial a)id error, of slowly accumulated observations, 
are bmnid up In the routine of tlie c‘()mmonest (mltiva¬ 
tion of the soil ; t he science applied to agriculture is at the 
outside little more than a century old. and so far has only par 
tially succeeded iii explaining and justifying existing practices. 

It is still in tlie reign of first approximations to the t ruth : thes(‘ 
speciions first a|>j)roximations which so regularly break down 
wlion applied to tin' real thing on a large sc‘ale, wlieiv the second 
or evcm the third terms really dominate the issue. Tlie farmei’ is 
fond of iM‘p!*oacbing tlie scitmtific men with tln^ disci*epancy 
b(‘t wc'en theory aiid i)ractice : tlierc' should be none if tlie theory 
is eomplc'te, but in such complex matters as the growth of plant 
and animal we are yc'l veiy far from being abh* to bring into 
account all the factoi*s (‘oncorin'd. A sliipbuilder, for instance, 
having built to a (a^rtain spi'cd and numsnred off his distance on 
tlie map. may reckon on making his port on a (*ertain day ; he 
finds himsell wrong, Ix'cause of the existence of a current which 
takes a knot oi’more olf liis s^iet'd. His tlieory was not wrong, 
only incomplf'te. Knlha* knowlf'dge ma}^ map tlie currents and 
their vt'loeity, but (‘Veil the nf‘W eakadation may be ])nt out by 
sorn<‘ nnexp('ctod W(‘ather factor. Now the growth of a plant is 
det.ermin(‘d by an inlinitely mort‘ numerous and less measurable 
series of fac'tors than the spe<*d <jf a ship, small wonder then that 
the calculations base I upon them are apt to lx?, so erroneous. 

Imperfect as is out knowledge, yet we have progressed far 
enough to see in what directions fruitful work may lie done, and 
ma}^ plan our campaign of ivsearcli. In connexion witli the soil, 
for example, the big ])roblem is pr(d)ably the prevention of the 
waste tliat goes on at an im*,reasing rate as the soil becomes more 
enriched by tht' accumulation c^f organic matter. Mary soil 
bacteria, as we know, deal witli the compounds of nitrogen in 
the soil so as to set free nitrogen gas from tliem, all of vvhicli 
actions are sheer waste of the most valuable constituent of 
tlie soil ; and to such an (‘xtent does this change take place that 
we cannot, as a ruh‘ expect to recover in the (;rop more than 
one-half of the nitrogen contained in farmyard manure applied 
to the soil. Wliere the soil is ricli, and a high level of production 
48 being arrived at, the percentage of waste may be even greater ; 



Tor oxampl<', on t-ho Kot-hainste^l wlioat plot, whlcli ha«=i reoeivod 
I t tons (»r (Imiii; (‘Vim'v yoar. only ahont oiK'-jjiiarl pi* of lh(‘ 
nitrogen ap{)lit‘(l in the in;i]Mn*<^ has hacMi !ocov(a‘(Mi in tlio orop, 
ainl l<*ss than a (|na]*t.or ivnitiins st.ort‘(l ip. lla^ soil. Whon 
lOlt 11). ol' iiitral<‘ ol* soila per fi(a*p is a])pli('<h lu^•l^ly tlio wliolo oi‘ 
the niti*()^’(‘n it coniains will he (;ovci*cfl in the in(a*ca,s(‘(l crop : 
with an a])plication ol‘ 2 Ml lb. thci’c may Ir* a wast(‘ oi* 2') ]><m* 
cent, oi the Jiitro^tm. with still jujn‘ater losses as t he appli(!ation 
is inc.roasefl. Th(‘ loss is not (Ini' to nra-e washing out ot' soluble 
matei’ials, because it is o;r<'at-est when the nitro^i'u is applied 
in organic manures. Under existing (ionditions, hi^h pro¬ 
ductivity in tJie S‘)il is assotaated with a high rate of waste, and 
nowhere is tliis more marked than vvdien culti\%ation is carried 
on undei* tropical conditions, so tliat oiu' of the chief difficulties 
of tropi(*al and semi-tropical agriculture is to maintain the stock 
of humus and nitrogen in the soil. An ilhistradion of the vv^aste 
that so often goes on in the soil is fm*nislK‘d in the practice of 
the cultiv’ators under glass in England. For the grovN'lli of 
cmaimbers and tomatoes they are in the habit of making u]) 
.a very rich medium, half soil and half dung, but after a. very 
f<‘W crops they are nr) longer abb* to use this mixture ])rolit-ably. 
but must- throw il aw^ay and renew tlc'ir beds, though the 
rej‘(‘ted soil is s^ill extremely ricli in elements of plant food. 
1'he rer*ent investigations at. liotliamslI'd ha.vi* shown that t.lu' 
fe.rtaiily of t his * sick ’ soil ca,n bt're.stored by nu'rely liealing it 
for an houi’ oi* two to a temperat.in-i' .approaching that of boiling 
water, tlii' cost of whicdi operation is considerably less than that, 
of renewing the soil. In this c-ase the uselessn»^ss of the used soil 
apj)ears not to be due to t-he destruction of the nitrogen (*om- 
]jounds, but to their retention in a (tondition nnavailabli' for the 
plant. Tlie nitrogen c)m[)ounds Jiave to he l)r()ken down to 
ammonia or nitrates before tliey can feed the plant ; this process 
is etiected by (certain groups of bacteria, the. numbers of whi(di 
are limited in the sie.k soil by the excr'ssive development of 
another groiij) of soil organisms — proto/o.i, .‘im(p1)a‘, (‘te , t.hat feed 
upon Idle h.actm’ia. 

We are only just })eginning to take stock of all the (dianges 
in the soil materials that are (‘fleeted by living organisms, 
some necessary, some* comj)etitors with th(‘. plant, some wasteful : 
the ultimate problem is to l)ring those prociesses under control 
in the held as well .as in the laboratory. The antisepti(^ tri‘ntment 
of the land at largo, after the fashion we i^an now (?lean up soils 
in ])ots, may seem any iiupossiblo dream, hut not more impossible 
than the production of a heavily yielding weedless held of wheat 
would have seemed to primitiv'e man. Already miudi may b(‘ 
done to set up a better microHoi*a and fauna in the soil 
by improving its physical conditions. The good eh'ects of such 
processes as liming and drainage are largely due to the encoiirage- 
ment that is thereby afforded to the valuable organism. Soil 
inoculation with such necessary bacteria as those whi(;h fix 
nitrogen when living in the nodules on tlie roots of l(‘guminous 
f)lants has been widely attempted, but with veiy litth‘ jn-acticjil 
siu-cess. The failures have generally been due to the facd- 
tliat soils from which the nodule organism is absent are 
without it because of some chemical or physical defect it; 
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is not sufficient merely to seed it witli tlie organism, the soil 
itself must iirst of all be brought into a fit state to maintain its 
existence. The best of grass seeds would be wasted unless the 
land on whi(‘h they ai^e sown is first made clean and fertile. The 
amelioration of soils on their physical side, by bringing (^lay and 
silt to the sands, sand and coarse particles of vainous kinds to 
the clays, will t‘\ entually be taken up c)n a great, scale, now that 
engiiHM^ring has made it possiide to move earth wholesale by 
cheaper means than by prnmitive spad(' and c.art. 1 have seen 
a cold clay car rying * miseliable pasture converted into good 
market garden land by nothing more tlian the application of 
a thick layer* of town r efuse and ashes ; only or*ganizatioir is 
irceded to make such pi*o(!esse8 ecoiromic. even when the imrnedi rte, 
and irot the ultimate, return is reckoned. 

FYorn the point of view of manures we shall have to look 
forward to an ultinifite scai*city of nitrogeirous fertilizers ; the 
(‘xhaustiorr of sodium niti*at<‘ is ordy a (jucstion of time, the 
pi'csent sour-(*(‘S of sulphate of amnronia will disapp(\ar with the 
coal, and the wa,t(U‘ power which is now giving us nitr*at(‘ of lime 
aird cyanarnidc will th(‘n be too ])rcci(>ns to be used in making 
f(*rtiliz(‘rs. Kvcn if the new process for the synthesis ol' ammonia 
pi’ov<‘d as economical as is <‘xpcctcd. we ought still to depend 
upon tlie rratural pi(K-esscs of nitrogen fixation, and make the 
farm self-support ing as regal'ds nirrogt ii at a high level ot' pro¬ 
duction. Tlie clover ci'O]) in the r-olation usually followed in 
England will, under ])i*esent conditions, gather* in (*nough nitrogen 
for* th(‘ grow th of about. 21 busluds of wheat, to the aci’e, an ecpial 
(|uantity of bai’ley, and 12 tons of tuiaiips. How can w e similar ly 
maintain pi'oduction at. a level of 4b bushels of wheat, with other* 
ci-ops in 2 )i*opor*tion, yet with(>ut any nitrogenous fer tilizer from 
outside ? 

A more imnuMliate pr*ohlern of the same kind is before the 
investigator; all ai*ound our* great cities exist great market 
gardening industries, w Inch have been built up by means of the 
cheap sup)>lies of stahh' rnanui'e that were to be obtained 
thei'efi(un. Th<‘ rnarkci ga?(h‘ner close to London and as far* 
ali(‘ld as Bedfor*dshir’<s it‘nd(‘red thin sands and gr*avels fer tile by 
using 10 tons or more of London dung e^’ery y«‘ar\ but theadvemt 
of the motor car* has cin*tailed, and will eventually pnt an end to. 
that sup])ly, in wdiicli <*ase how is the market gardening to be 
carnied on ? Nitrogen compounds and the other bare elements of 
plant food can be Ixuight, but humus is «also Hecessar‘\' to get 
these thin soils to yield a proper gi’ow'th ; w’hat iumhIs to la* 
w'orked orrt is the cheapest and most eilective w’ay of utilizing 
leguminous gr*een crops and the other* nitrogen-lixirrg organisms 
of the soil to maintain the fertility of such land, kee])ing in view* 
the fact that it cannot be throwui out of pi’oduetive cultivat ion 
for any length of time. What is needed is not a field expei*imenl 
merely, but a discaission of a Avhole system of cultivation on the 
economic as well as on the scientific side. This suggests tie* 
general coirsidei*ation that economic researclr in agriculture is 
still in its infancy. How often do we find close at hand two 
farmei*s, both good practical men, with errtirtdy diver-gent views 
on the rotation to follow or the management of their stock, one 
swearing by early maturity and a forcing diet, the other by cheap 
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if slow production. The advantage of one systein over the other 
is not a mere matter of opinion and personal idiosynei’acj^, it is 
possible to reduce it to terms of jmunds, sliillings. and pence. 
Tlie prime necessity is the a])plication to fai’jning of a system 
of costs book-keeping, such as prevails in a well-organized 
business. It is ])()ssible to obtain such ligures fi’oin a fai-m ; the 
method is as yet perhaps too ooJiiplicated for the ordinary farmer 
to follow, but as an instrnnnmt of investigation in the hands of 
a teacher at one of t he agricull ural colleg(\s it maybe made to 
yield results of great. \'alueboth to tJie individual farmer, and to 
all those M’ho hav(' in take moi‘e gtmeral vif^ws of agi*icultm*e. 

Returning to the purely sclent ilic aspects of research, the 
whole of existence is based n])on the fundainental process by 
which the green leaf utilizes the energ}* of tlie light falling upon 
it to split up the lairbon dioxide of the at mospliere, and transform 
it into those fundamental carlxm compounds—sugar.s, starches, 
etc., whi(‘li build up the substance of tli(‘ jdant. Tlie animal 
creates nothing: it. is only a t.ransformer. and rather a wasteful 
one ;it that, of the (.*om])oniids initially built up by the plant. 
Now, though the leaf is thus the prime ('reat.ive force, it is yet 
ac.omparativoly inoilective nnndiine for dealing with the energy 
(jontained in tlie light, for it does not. snc(^eed in sloring up in the 
sliaj)e of plant matei’ials it prodiu'cs as much as one ])cr c^Mit. of 
the energy that falls upon it as light, and in bright. tropical 
light the percentage ntiliz<‘d is ev(m less. A steam <?ngine given 
a certain amount of energy in the sliape of coal, tin*ns out. again 
abo\it one-seventh of it in th(' .shajK* of useful W(»rk : a. gas or oil 
engine is an even more eiTec‘tiv<‘ transfoiaiKT. Can the duty of 
the l(‘af be increased so that it shall ell'ect a gn^ater product ion 
of dry matter for the amount of light energy it re(!(‘ives? 
know very little as yet alanU even the seijm^nco of chemi(‘al 
(changes in tla^ leaf beyond tlio fact that we begin with eaihon 
dioxide and water and end with oxygen and sonr^ sort of sugar, 
we ar(‘ beginning to accjuire knowh^lge as 1,0 tiie cxtei^t the i*at(‘ 
of (diange is affected by the supply of light, carbon dioxide, and 
water. ai)d by the tem[>eratnre. But we have now many exampl(\s 
in chemistry of reactions being speeded up or r(md(M*ed moi‘e 
complete Iw means of some adjustment of t he extei’iial conrlitions. 
so it is perhaps not too mneb to expect that this fundamental 
process of carbon accnmnlation may also be tuned up until t he 
leaf becomes of greater efficiency than at present in ]>rodncing 
tissue from the materials and energy supplied to it. 

Probably the most immediate successes are before the plant- 
breeder, now that the application of the aMendeliaii theory has 
provided a method which renders ])oth speedy and certain the 
processes of crossing and selection whereby the practical men of 
the past, w^orking almost at hapiiazai’d, liave already effected 
such enormous improvements in our cultivated plants. Among 
cereals, the qualities in demand, (jualities which w'e know to he 
obtainable, are resistance to disease, stiffness of straw, and 
a large migration factor. We w^ant to get rid of the plant-doctor, 
as it were ; spraying and other prevention or curative treatments 
arc both costly and of limited efficacy, the desirable method is to 
keep the plant free of disease by means of a naturally resistant 
constitution, and by establishing healthy conditions of soil and 
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nutrition. As to stiffness of straw, the incapacity to stand up is 
probably tlie chief clause which limits t he yield of corn crops in 
Britain wlieiever the farming is higli. When a man keeps niuc]i 
stuck, and buys (jake either for his bullocks, oi* to feed to his shee[) 
on the turnips, the land bec,f>mes so ricli tliat the lirst; corn crop 
will only stand up under <^x(^(‘ptionally favourable weather 
(•onditiojis. and tlu^ farmer, so far from hnying more ha tilize]*. 
(%‘innot take full advantage of wliat is already in the soil. I'lie 
land is often ri(*h (‘iiough to yield tit) biisla^ls of wh(‘at to th<^ acr<‘, 
but it is e\(M‘])tional that, a crop of such weight, will stand up so 
that it (^an be harvest(Ml by a self-binder. Mr. Beaven. in this 
section, has already dealt with migration : c*learly it is a mattei* 
<'f gi‘(‘at importamre to the plant-breed(‘j\ ''riiongli the fietails 
have only b(‘en worked out for bai'ley, the diffeient varieties of 
any cultivated plant wheat for exani])l«*, are \'erv mucli alike as 
I'Cgards their gross ])jodnctive power- i.e., tlie whole material 
grown weiglis nnujh the same in a dried condition. Kven different 
♦Tops prodiKv much the same amount of dry luattcM* vvlien grown 
under the same eonditions. this gross ]>ro(lueti\ e power being 
in all eas(*s the similar product of the eiiviiunment —i.e.. the 
]*esnlt arising fi*(un the supply of food, water, light, tempei'atnre, 
etc. But granted that the different crops possess this same gross 
productive power, then their eomjjarative usefulness depends 
upon the greater or less fum])letene.ss with which tluw transform 
tin* (*rndc matinhil into products that may h(‘ used as food for 
man. In tlu* cei'cals, for (‘xam])le, we want as much as possibh* 
of the oi*iginal stuff mannfa<*.tnj'cd hy the h.*af to 1)0 migrated 
later in the ])lant*s life into the seed ; of the total weight of the 
crop we want the laigest po.ssihh* pi*oport ion to he liigh-gradt‘ 
grain ami not low-gi‘ade straw. .Mi*. Heaven has shown that 
the various \'arit*ties of harley do differ constantly in their 
proportion of grain to straw, and as, without donht. the same 
diffei*enct*s hold for other crops, this is a matter which must Ix^ 
watched hy the plaiil-hreeder. 

(/ereals are not. howevei*. the only mat (‘rials upon wliich the 
]ilant-l)re(‘dei^ has to woi*k ; inde(‘d, they are already among the 
most advane.eci of our domesticated plants, and the other farm 
crops re(piire gr(‘at ini proven uuit. before th(‘y rea(*h tla* level of 
wheat and oats. Sugar beet affords a most interesting case : 
by sek'.ction the perc^entag(‘ of sugar contained in tin* root has 
been raised by one-half. The total aiiKumt of mabmial grown 
per acr(‘ remains, howevei*, mm'li where it was, because of the 
difficulty, the impossibility in fact as yet, of testing the yielding 
(capacity of a seedling root, whereas its sugar contents (*an be 
measured with eas(\ Tlie same difficulty is seen among our other 
root crops ; such improvement as has been efl'ected in the 
mangold, turnip, etc., has ohieHy l)(-*en in the shapeliness and 
habit of growth of the root, these alone being the cliaraeters that 
are appai*ent to tlie selector dealing with a group of .seedlings. 
To some extent these may be correlated with total yield, but liow 
little may be judged from tlie fact that the long red mangold, 
one of the very oldest variet ies, is still the largest producer of 
dry matter and sugar per acre. The comparative yield of cereal 
varieties may be tested by the growth of a few liundred plants 
under rigorous conditions ; some similar method will have to be 
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worked out for root and fodder erops, before ilie plant-breeder 
(jail make mncli lieadway witli them. (Granted sueh a method, 
1 lie plant-br{‘ed(‘r ha« a unexplored ti<‘ld before him in tln^ 

•e^nminons and erneiferous fodder m'ops. and a^aiii in the filnv 
plants. Ck)mmer(*ial Itax, for <‘xamp]e, is an entiiely hetm-oj^eneons 
mixture of vari^‘ti<^s. whieli never appears to iiave bemi snlijectted 
the most oi'dinary selection. The fodder crops ari^ matters of 
immediat(i impoi-tane.e ; be(*anse. the more intensive cultivation of 
the western side of Great Britain. vvhei*e the hi^li rainfall rendei\s 
the growth f)f cereals a somewhat speiadative indnstry, snbject 
to loss at harvest and dilhcnlties in the spring preparations for 
sowing, depends upon the elaboration of a system of farming 
based upon rapidly growing foddei* (aops At present these 
districts prodn(*e milk, meat, and store stock, mainly from grass 
land that gets bnt little aid fi-om tlie cultivator. Tlie gross j)ro- 
ductive power of such land is small, anrl under the plough (ran be 
enormously raisc^l, bnt arable farming has hitlu'rto been avoided, 
except at times of abnoi*mal prices, b(H*ans(» of tJie risks attending 
harvesting. With im])i()ved foddei* crops in place of grain a m<»rt‘ 
profitable system of hnsliandry would r(‘])lace t he (rrops. Again, 
a new country like Aust!*alia will have to (‘volv(» its own fodder 
crops to suit the climaUs ^itid its own soil-i’cgenei'ating plants. 

Despite t;he fact that a givcm an^’i of land will produv*“ 
sonurthing like ti‘n times as iniurh human f<KKl of a veg(*tahle 
nature as of meat and milk, if inert* ])owei* of snppoi*ting lile is 
(‘onsidered, Me may assume that the human i*ace will not for 
a long time, if ever*, turn to V(*getarianism. Absolute prt*smire of 
population, supposing the maximum lias to lu* support(Ml that 
the land can be made to carry, wiaild put an end to the ])r(dimin- 
ary (ronversion of\egetablc into animal food, but it is probable 
that the dominant races will insist on i*eniaining flesh-eaters 
even if that necessitates the limitation of their own numbers. 
However, the scientific man has at present lit ih* to say to this 
sociological question ; his business is to make tin* animal a more 
eflicient convertor of fjoarse vegetable fod(h*r into high-gT*ad(‘ 
food. That there is plenty of room for d(*velopment, in this 
direction may be inferred from the facts that Ihofessor Wood 
has (^all(*d attimtion to in the ])aper he has i‘(*c(mtly submitted 
to this Section. What the grazi(*r calls a good doc*r will lay on 
as fat and flesh 2n pt'r (rent, of tlu* energy it rec(*iv<‘S in its food 
as against 7 ])er cent, stored by a bad doer ; here is an enormous 
margin for improvement if the tiverage (rattle are only brought 
up to the level of (dh(riency of the luvst. No one has y(‘t Mairked 
out the most e(r()nomic rate of feeding for difl'eivnt (rlasses ot live¬ 
stock. the type of ration that will produce the larg(^st amount 
(d* meat from a given weight of food, inde]K*ndent of tlie rate* at 
M’hich the imrn^ase takes place. 

Granted the dependence upon the res(^arch of the agri(rultur(* 
of the future if it is to meet the requirements of an in(;reas(*d 
population and a more advanced state of society, how can tlu* 
re(piired investigations best be organized ? W(* may take it for 

granted that in some form or other the State must find tin* 
funds ; in this connexion at any rate there are no prizes for tie* 
private worker such as would make agricultural research .a 
tempting, even a possible, commercial speculation. There is a 
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very limited field for patent-R or royalties ; the lireoder of a new 
crop vari(‘ty (*an only exploit it with Kn(^e(\ss if Ik* has some hi 
eomniei (*ial or^aiiizat ion behind him, .‘mhI even then a vtay few 
s»‘asons pla(*('it in (*v(‘ryone's Ininds. Tin* sohitions to most, of 
th<‘ i^reat outstanding problems whieh I hav(‘ ontliiusl abo\«* 
eonld not be sold at a price, liowever mncdi t hev nii^ht improve 
th(* output of every farmer Indeed, th(‘i‘c is this chai'actei* about, 
the advances whicdi ‘^’c.ieiK^e may make in a^ri(adtnr«*, and it 
explains the la<0\ of interest In reseai-ch <‘xhibited by many hard- 
}iead(^d farm(*rs, that tin* bcne.Ht comes tf) the (^onininnity rathei’ 
than to the individual. Karniei* is coinf)f‘tinjLz; with farmer, and if 
production is raised all round, the ])ric(* is apt. to drop (ujrrespond- 
in^ly. so t hat shr(*wd nem who art* doinc very W(‘ll as things are, 
are very (iontt nt with their limited vision, providt'd the general 
i^noi*ance remains nn(‘nlichtt*n(‘tl. How(‘ver. we nt'cd not are;u(* 
t his j)oi!it. ; (*verv ci\'ilized eountiy lias acceptt'tl the necessity of 
niaintainine^ agricultural r(*search ; evim (Innit Britain, the last 
home of ^o-as-yon-pleasi*, has fallen into lim* within the last y(*a! 
or t wo. 

Assuminc that the State pays, shall tlu* immediate 
organization and conli’ol (»f the work rimiain with the Stati* 
direct, oi‘be plat*ed in the hands of semi official bodies like tin* 
l'ni\ersi(ies ? dda* chara(*ter (»f the work re<jnii*ed must settle 
this ijnesticm. We may as well make n]) our minds at the ontS(*t 
that a^ricnltural rtvsearch is a very eomph'x atfaii-. whi(*li is 
coin^ to arriv(^ at commei*cial results very slov/ly. It d(‘als with 
tin* fundaim‘ntal problems of lib* itself : its pi’obhmis mostly lie in 
the border country where two oi' mo]*e sciences me<*t. the 

deba,table land which the man <»f |>ure sc.ien(*e distrusts and 
et!t*cts to desjiise because thei't* his clean and simple academic 
methods do not a])ply. Hence we have to at;ra(‘t to resear(*h 
in a.^riciiltural matters min<ls of the vt*ry best <]uality, men of 
imagination and detei-min it.ion, and e*ive them scope and 

freedom to makt* the b(‘si of themselv(*s. Now it has been 

recently claimed that t h(‘ naticm can only attrac^t men of the 
ae(-*essa.ry (piality to research bv institutiiii^ some sys,tem of prizes 
that shall bt* commensuratt* with the rewards that lie befoiv the 
suc(iessful lawyer or business man. who has embarked upon soim* 
competitive* CM)mm(*rcial career. 1 entiredy diss(*nt from this 

view ; th(' (piality of a man's work is not to l)e measured by the 
rt'sult-s it happ(‘ns to attain, for results art' often matters of luck ; 
but least of all is it to be measured by t In' amount of public 
a.tt(‘ntion the results arouse. It is in the natuie of some kind of 
discoveries to «‘xcit(* the jiopular imacinati n. but thest* 
dis(;ov(*]*it‘S do not. necessarily involve more credit to the 
discoverer t han many others whost* burial-pla(‘(* in this or that 
volume t)f Transa(*tions is only known to a select, few. Onc(* 
make publicity the (criterion, and the scientilie man is at the 
mercy of the boom and the advertisement ; a ^ood newspaper 
manner is more valuable than high thinki.ig. Moreover, T would 
for th(^ man of siaeiua' say wit h Malvolio : * I think nobler of the 
soul. ’ (five him a living wage and proper op[)ortunities and he 
will give his best work without the added inducement of a 
(diance of making his fortune. The real point is the living wage, 
and this does iiot mean the starveling price at which a man can 
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])e bought just after i/akiiig his degree. At present the career of 
research has some of hlie aspects of a blind alley employment ; the 
young Juan enters on it. wit h (Mit hiisiastn, only to find ten years 
later that he has no niai'ket value in any otlun* of*(*npation and 
tliat. lie is expected to (continue on an artisan s wage. 

We have then t.o (‘iisnn' the s(*i(‘idilic man continuous 
employmt'nt. : in sir-li spe(‘ial subjects as agricultural science 
presents, wc cannot trust, to pick him for* a pai’ticular job, and 
let him go when it is (inishcd ; tlim-t* must, lx- some rxsisonable 
sort of a (‘ar"e(‘r in inv('stigation. Tire State' cannot simply pay 
for results : nu'n will not (|iialify for siu^li ])r(‘(*ai‘ions i^hances of 
employnu'nl. Tire gi't'at rt*snlls corneas ineah'iilably as tire gi*eat 
poetry, their vahu' Is snnila.i*ly untranslatahh* into the cash 
standard, and though no provision of posts can (uisurt' a supply 
of the finest llow('i*s of the mind, routine s(‘iem*e has tiris 
advantag(‘ ovtu* r-ontiiu' [>oetiy. that it has some value and is 
even necessary to lu*ing to fruition the advances of the pnineei’s 
And wlien the great mind does liappen to be horn, he (*an oidy lx? 
tinned to account if an <u*gani/ation exists witliin which he can 
lind oppoi'tunitios for* work. Xow srudr an organizJition s(*ems to 
he provided by tin* Unix ei-sities i*atlicr tlian by t.lit' Slate. 1'he 
type of man wlio makes an investigator’ is apt to he markedly 
individual ; he (‘an work better under- the loost'i* syslt'in of eonti'ol 
that })r’evails in a l^nivei’sitv than under tlit' ollicial h(‘ir*ai‘(‘hy of 
a (dovei-nmcnt department. The methods of r'cHear*(-h ai*c 
anarchical, and ought to he (rontinuonsly tleslr'uctiv(‘ of ;i(‘cept<‘<l 
opinions; when a (lovt'i’nrm'nt d(‘})ait iiu lit takes an ollh'ial ])oint 
of vi('W, it is a])t. to insist on its Ireing respected, and not (‘I'iticiscd 
by its ofhc.ers on till' sti’cngth. Tl ha.'. lia]>])('ned witliin rt'ccnt 
years that a scirntific man in (h)\’(‘rnmei*t (Miiploymenl Ii.is had to 
(diouse between Ins salary and his cori,s<aencc. and though 
University laboi’atoi’ies are not always l<*mph‘s of fiu'e thouglit, 
their atino.spher*('is distinctly moi-e open tlian »hat of a (lovci-n 
ment olficc. The type of man most lilted for ivscarck is mor*(' 
attracted by a I niversity than a department : lie wants his 
value to h(' measured by the (pialitv of his seii'iitiHc w'oi'k. r*a.lh(‘r* 
than by Ills olficaal adaptability. But the greatest objection to 
making researcrh a fumtiern of (Jovcinment is that it is of nc(a*s 
sity suhjectnd to an annual dciaihvl justilication of its expmidit.ui'c 
to a non-expert h^gislative body. When om* reads the cross- 
examination of this or* that investigator by th(' Committee of 
Public Aceounts of (;ertain States which maintain departments 
of agricultural research, om^ rtwlizes tire hoplcssness ('f ('xjx'c.ting 
the slow, fai'-reaching scientilic \M>rk that ultimately (founts, from 
men who are subject to sink an annual criticism. The almost 
complete sterility of certain State organizations for* i(jseai’ch on 
a great scale can }»e absolutely set down to the call that pi’evails 
for an annual report of i*esnlts which seem to ])a} their way; 
only a talent for* advertisement comes to the front under such 
a regime. Of cour se, a State must maintain laboratories which 
undertake a certain amount of invosligation in connexion 
with its duties in the control of disease, etc. ; hut, though 
it may be difficult to draw a defining line between research that 
arises out of administration and research in pursuit of knowledge, 
the distiaction is easy to make in practice. For example, the 
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State needs a veterinary laboratory for the purpose of checking 
tlio conclusions upon which tlie administrative regulations 
regarding this or tliat disf?ase are based, and of testing serums, 
vaccines, and the like, but it would piove false economy in the 
end to entrust to this ollicial institution tln^ sole responsibility 
for investigations into .animal diseases. 

Another adv.antagt* that arises fi’om entrusting agricultural 
research to the. t'iiiversities is that thereby one obtains the advice 
.and often the jn^tive c.o-operation of men in the departments of 
pure science. J have alrearly indi(;nted how complex .are the 
<pieslions th.at agrienltlire raises ; the, niiin who is working out 
soil problems may lind one day that he is bi*ought to a standstill 
by some physict.al t>r t‘\ (‘n mat-liematie. dillieiilty lie is not compet¬ 
ent to deal with ; on anotlier occasion lie. may wisli to e(,>nsuli 
a geologist, or ag;iin ,a zoologist. No .soil laboratory pure and 
simple can .ntlord to \i ivo men of all the.se <jn.iliKeations upon its 
strength, hnt if it is at(.ae]n‘d to a rniv(a*si1y, its men are 
naturally in const;nit (‘ontaet with other s[)eciaiists from whom 
they may inforni.ally obtain th(‘ assistance they niMsl. A special 
purpose hihoi-atory must sutler if it is isolated from the general 
<*urrent of scieinua and this is part ieiilarly true of agriculture with 
its many contacts, and the natural ine,lination to locate its 
institutions in the eouutry. Som»* link must maintaiiusi 
hetween the research institution mid tiu^ praetiital farmer, not so 
much for tht‘ sake ol tin* Latter, heean.se lie is rarely in .a ]>ositioii 
to utilize ilireetly, or eviai to understand, tin*, work ot' tin* inves¬ 
tigation. hut in order to ktM*p the w<»rk ival and non-aeadeiiiie. 
Even tiom tin* jinrely .seientili^* point ol' view the most fruitful 
lines of rest*,arch .are tho.se .suggested hy practical lit'e ; many 
(‘ffects ’hat ])ro\a* tf) be of fundamental importance to theory, 
only bi*eoine ,a])[)ai-enl in tin* Lirge-.se.ale workings of tin* 
e.omniereial undertaking. Tin* »*ont:iet with harming that the 
researidi-workei* iu*eds should he pi'ovidcd hy his association with 
tin*. University department that is teaching agriculture and 
advising the farmers of its distiaet; thus is established tin* 
c;onnexioii that on tin* one hand l)rings the farmei's problems 
to the investigators, and on the other translates the inves¬ 
tigators’ results into practical advice. As I see it, the ideal 
organization of I'esearc-h in agrieult ure is to associate a more or 
less specialized institution for the investigation of a particular 
class of jirohlem with a ihiivcrsity possessing an agricultural 
dc*partmeiit, wliieh is also charged witli extension work by way 
of le(*tiires and advii'c* within its own sphere, of influence. How 
specialized the institution may lieconie must depend upon the 
numbers of Universities available, but there is a real economy in 
specialization, in inducing each institution to throw its whole* 
strength into one line of work, for Universities, like men, cannot 
afford to he Jacks of all t rades. 

Many of my hearei's may iliink 1 am sketching out a very 
ambitious and extensive progriinuue about which the only cer¬ 
tainty is the* creation of a considenible number of salaried posts 
for men of science, hnl when I tliiuk of the futilities upon whicli 
so mueh public money is s[)eul in every efuiiitry, 1 am almost 
ashamed to justify the (*xpendilure by |)oiiitiug out that an 
increase of 10 per cent, in any one of the staple crops of a country, 
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such an increase as is well within the powers of the scientific 
man to (3ff‘ec^t in no great length of time, would pay over and 
over again for the organization 1 have indicated. Even if the 
research went on I'm* the sake of knowledge alone, every nation is 
able to allow itself a certain amount of intellectual luxury. 
Moreover, to l etui’ii lo my original text, it is only by the aid of 
agricultural science that/ tlie world is ultimately going to be 
ailowe/1 to enjoy any luxuries at all; as the fundamentally 
agi'icultural basis of so(at‘ty again becomes apparent. rhe on(‘ thing 
that will sa\'e it from sinking down into a collecjtion of families 
each wringing a bare subsisteiKie fiom a tiny plot of ground, will 
be the application of the fullest kiKAvledge to the utilizatbm 
of the land. 


AGRICULTURAL INDUSTRIES OP 
MONTSERRAT. 

IJY FHANCIS WATTS. (’.M.G.. D.S. .. F.T.C.. 

Imperial Commissioner of Agriculture for the West Indies. 

In th(‘ West Intdan BuUeiin, Col. Vll, pp. 1-1*”», under tin* 
above title, tin* a.gricailtoral con(lili«)ns and progi'«‘ss of tin* 
Presideinw of Montserrat \\ tuv revieweti nj> to the •*nd of IhOI. 
Ten yeai's have since ela(>s<‘d and this marks a (convenient 1 ) 1 * 11 ^ 0(1 
whereupon the progress of the J*r(*si(lency, from an agricultural 
{)oint of view, may oin/e more be (jonsidered. The periods an* 
interesting too, seeing that when the first i*(*\'i(*w was writt(*n, 
the cotton industry wa^, just ])romising to beeonit* of importane.e 
to the island, so that/ it was possible tlien to wiite : Antton gro\N - 
ing has now become an important industry, and iijion this it 
would seem that the development of the island in tin* iinrnediale 
future dire(d/ly de])enfls; ’ a prediction wliich has lK*(»n amply fub 
tilled. In IttOo the output of cotton was valiu‘.(i ;it I^l.lSfi: in 
llifii it was while as will lie seen below, the output duri jg 

recent years has had a value of over 4*20.UOO. It is not without 
significance that at the present moment/ tlie (*otton industry is 
sufi'ering (considerable depi ession owing to tin* diminished demand 
caused l>y the Europ(*/an war. We have, therefore, in the ]jeriod 
now to be (*onsidered, t in* story of the ris(‘ of the (cotton indust ry 
and of its i*eaching its highest point, at any rat(* for tin* time 
being. 

Tin* table appearing in the former artich* showing tin* 
total ex[)orts of the Pr<3siden(*y from the y^jar IStiH, has been 
bj'oiight/ up to date. From this it- will be S(*(*n that the 
later years have been times of steady progr(*ss, the (*.\[n)rt8 
having risen from the C21,6lO of 1904 which re{)resented tin* 
high-water mark of the seven preceding years, to Coo,Hot I. 
in 1911. 
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Table T. 

Total Exports including Coin and Bullion from I8(»819l4. 


Year. 

Exports. 

Year. 

Exports. 

1808 

.£:^(t27S» 

1802 

£28 H2!t 

1809 

:i7,22S 

180 i 

22,715 

1870 

•i'.i.ni 

1801 

22,102 

1871 


180.7 

17,2S!I 

1872 

2!).7:j« 

1890 

2.5,92!) 

187:} 

:!t).7S:i 

1807 

22,0.5!) 

1871 

' 83.07!t 

1808 

12.210 

187e 

: H:£r>.7i 

180!l 

1.5, .509 

1871) 

28.(»(!H 

1900 

8,287 

1877 

:i2.it(i.7 

1901 

11,208 

1878 

' :io.2:iti 

1902 

17,718 

1870 

;-!ri.(i85 

19o:3 

10,121 

1880 

2!t,nn 

1901 

i 21,040 

1881 

o5.205 

1905 

i 22,209 

1882 

:j8.i2ii , 

I9(lt> 

' 2S,982 

188:} 

21.191 1 

1907 

25.188 

1881 

22,()77 ! 

1908 

i 1.5.801 

188.7 

H:.28I I 

1909 

; 81,.509 

1880 

: 20,911 ! 

1910 

84,898 

1887 

21.21 ft 

1911 

.55.980 

1888 

27.87 1 

1912 

42.058 

1880 

; 28.2! 12 

191:} 

; 87.109 

1800 

: 21,870 

1911 

' 84.558 

18!ll 

2 !,:!!»!* 




Tlh‘ li;;iin*s oi (*a('l) iiidivifliial yi'txv ans liowfvcn*. apt- to Im_‘ 
misloadin^ : a inorc* iniprt*ssion oT iIk* progress of tin* 

island is paint'd 1»\' (*onsi(k*ialion of tin* average value of the 
i*xpoi*t.s in livt*-yearly pi‘riods : Ihest* values have* a(*(u)rdnio’ly keen 
ealeiilated Tor nine such periods and are j^ivi‘ii in Table 11. 

Table II. 


A\a*j ai^e annual values of expm'ts for tin* following periods 
of live vears : - 


l^k’oni this 

1870-.I : lS7:>-9. 
of to n 



<amdi(,ion of t in* island at a. period when su^a-r was the prineipal 
crop and eonditions were reasonably norinal. 
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The next period, viz., 1885-9, shows a considerable falling 
off in values, being only £23,542, a fall t>f 80 per cent. This is 
accounted for by the difficulties experienced by the sugar 
industry, which then suffered a serious decline in values beginning 
in 1883. AkS a consecjuence of this, several sugar estates wont 
out of cultivation about this time. 

'Phe following period, viz., that from 1890*4, shows some 
improvement ; this may be mainly attributed to the efforts that 
were made to maintain the sugar industi*}', and this largely 
through the attempts to restore to cultivation and to improve 
the sugar-making maehineiy on the large group of properties 
known as the li’i^^h Estates These efforts, however, proved 
unsuccessful, conHe(|uentlv the period 1895-9 shows a serious 
decline, followed }>y a si ill more serious decline in the period 
The decline ol* the lirst of these two periods is mainly 
due to the collapse of the sugar industry and the increased 
decline ol' the latter to the <ffl'ect of ihe disastrous huiTicane of 
1899. In the year 1900 the value of the total exports fell to the 
rJarining figure £8,287 or about one-fourth of the normal value 
of the period first considered in this I’eview. 

These statements r*over the period dealt within theforjiier 
article : they show wliat may Ix^ regai'ded as a period of normal 
prosperity followed by om» of depression ajid disaster, ending 
with a time wlunj prospects looked brighter. Idiis was tla* 
position at which affairs had arrived when the former article was 
written. 

Consideration may now be given to the last two pmlods of 
live years. The ax erage annual value of the exports during tb<* 
period 19(t5-9 was £3Lt>49, beitig movo than double* that of the 
preceding period, while in the sii(K*t*eding peilod, 1919 M. the}' 
rose to £4l,(M>8, the highest attained. 
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In Table III tlie values of tlie principal |!^temB ^ 
export for ten years 1905-14 are set out ; the same items ai% 
dealt with as ill the similar table given in the former %fticle in 
this Bulletin, Vol. VII, p. 10. 

Inspection of this Table at once shows that the increase in 
the value of the exports is due to the development and expansion 
of the cotton industry. The story of the restored prosperity of 
Montserrat is the story of its cotton industry, there is good 
reason, therefore, for anxious thought as for the future now that 
the cotton industry is depressed owir^ to the disturbed condition 
of trade as the effect of the present E^uropean war, and careful 
consideration has to be given to the problem of finding other 
(jrops which may be used to tide over a difficult period, while 
there is the hope that some at least of the crops thus coming 
under notice may in their turn piovide permanent and remuner¬ 
ative industries. 

The progress of the cotton industry is well shown by the 
following table taken from the Report of the Botanic and 
Experiment Station of the Presidency for 1913-14. 

Table IV. 

( OTTON EXPORTS. 


1902-3 

Acres. 

150 

Quantity sliipped 
in Ik 

... 

Average yield 
aor(* in h. 

1903-4 

700 

31,666 

45 

1904-5 

GOO 

70.723 

117 

1905 0 

770 

98,262 

127 

1906-7 

1.000 

1 160.000 

i IfiO 

1907-8 

2.100 

360.000 

i 171 

1908-9 

2,250 

224.711 

99 

1909-10 

].6(M( 

235,021 

14fi 

1910-11 

2.050 

402,666 

19fi 

1911-12 

2,700 

.346,568 

128 

3912-13 j 

2,063 

290,390 

140 

1913-14 

2.200 

293,627 

133 


The increasing interest taken in the industry is exhibited by 
the increasing number of acres devoted to the crop. It is seen 
that confidence was being shown in the industry in 1903-4 but 
this rather waned the following year when a somewhat 
smaller area was planted, hut confidence was soon restored and 
increasing areas were planted from 1905-0 up to 1908-9. Tht 
cause of the shaken confidence in 1903-1 was the outbreak of new 
and imperfectly understood diseases of the cotton plant, par 
ticularly leaf-blister mite and certain boll diseases. Tne restored 
confidence indicates the manner in which knowledge of tin 
methods of controlling these troubles was acquired and applied, 
and is eloquent testimony to the good work done in studying tht^ 
life-histories of the pests and diseases, and in devising methods of 
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control which were carried out by the Rcientific and agricultura 
officers of the Agricultural Department and by tlie planters, all 
working heartily together to a common end. 

The year 1909-10 shows a marked falling off in the acreage 
planted, and the cause is plainly indicated in the small yield per 
acre recorded for the previous year. This diminished yield was 
chiefly occasioned by the occurrence of a severe gale in Septem¬ 
ber, which swept over most districts of the island, uprooting large 
numbers of cotton plants and destroying large areas : contidence 
was again soon restored, however, for it is to be seen that the 
area Ranted in 1910-11 showed a large increase, followed by a 
still larger increase in the next season, when the area planted 
reached a maximum. It will be noticed that the fluctuation in 
the area planted if goveined to a large extent by the average 
yield of cotton per acre ; a poor return in one year is followed by 
diminished planting in the next, and conversely, a good yield per 
acre induces increased planting. 

The acreages planted by the larger estates do not vary so 
considerably ; a steady policy of planting is more or less adopted ; 
the variations noticed largely’' indicate the varying interest of the 
small grower and the peasants in the crop. 

The lime industry continues to be the one next in importance 
to that of cotton growing ; the export values have shown steady 
improvement since the extremely low year 1900, following the 
year of the disastrous hurricane, when the lime trees were so 
extensively destroyed. The export values ha\'e now reached 
figiiies comparable with Iho.se obtaining in the period immediate¬ 
ly before the hurricane, and remain at a fairly constant level, 
except for a marked rise in 1914. 

The sugar industry has shown no signs of recovery, the 
amount of sugar exported having but small value, seldom in late 
years reaching £1,000. It must, however, be remembered that a 
certain ejnantity of sugar is producjed for home consumption, so 
that there is a t’emnaiit of the old sugar cultivation scattered some¬ 
what widely over the island - a point whi(*h may have some 
importance should the liigh price now prevailing for sugar be in 
any large measure maintained, so tliat attention may be again 
worth giving to sugar production A revival of sugar cultivation 
would be welcomed by the labouring population. 

Attention may be directed to the steady export of cattle and 
other stock ; tlie values of these exports now exceed the value 
of sugar. The exipj^nce of this steady export has some agricul¬ 
tural significano^ , it would seem that the condition of the island, 
at least in some parts, must be favourable for stock raising, and 
it Mould appeal* desirable to ascertain wliether it may not be 
possible further to develop the opportunities thus indicated. If 
some oi*ganized effort could be made to a8(?Qrtain what markets 
are available for the cattle produced in the Presidency, and to 
organize the various phases of the industry, it might be possible 
to build up a trade of .some importance to the island. The 
present time is opportune |or such an ettort, seeing that the 
price of meat is high and increasing. It is worth recording t hat 
this question has already received some attention at the liands 
of the Commissioner, Lieutenant-Colonel W.B. Davidson Houston, 
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C.M.G.. and the liope may be expressed that tliese efforts may 
he oxtendecl and receive the earnest support of all concerned. 

The prodnetion of pa[>ain still (iontiiuu^s to ho of some 
iniportaiHu^ to the Presidcauiy ; it may l)e pointed out that the 
production of the raw material is entirely in the hands of the 
peasantry, th(‘ pa])aw tre(\s hein^:!^ ^rown around their liouses 
and the extracted milky jui(?e vsold to central drying estahlisli- 
ments. There is no extensive cultivation of papaw tre(*s on estates. 

If the condition of the cotton industry were normal, the 
affairs of Montserrat might he regarded as Hourishiiig ; agricul ¬ 
tural activity is now greatcu* than it has been for over twenty 
3 ^ears ; nmeh land formerly l,ying waste has now been brought 
under (*ultivation ; the values of the expoi-ts have I'eached a liigli- 
er p)iiit tlian lias been recorded for tifty years; the official 
finances have grea ly impi’oved in condition, and a substantial 
reserv^e fund exists. II the cotton industry remains in a flourish¬ 
ing condition all will coiitiime well, hut if tli(‘ depression, now 
just beginning to lie h^lt, fumtinues over a series of years, atten¬ 
tion must be lui-ned to otlier (;rops as a means of seeking relief. 
Tn any (^ase it will be wise to give attention to other crops 
wherever there appears to be the cliance of iinding sometliing tliat 
will prove remunerative. Xor there is great(‘r safety in having a 
diversity of (‘rops rather rliaii depending upon one. 

That off'orts mav nMsonablv be mad(‘ to d(‘veloj> the business 
of cattle raising for cx])()rt. lias already be<‘n pointed out. Atten 
tion is also being drawn to s«*vt‘ral indiistj*ies whictli appear to 
offer ])ossil>ilitics. tlu' moment tJie eultivat-ion uf corn 

(M:ii/<‘) is (‘yoking miieh interest-on tlic jiart of (‘state owners 
and peasants, and ex[)(a*iments that are being made in other 
islands in connexion willi the kiln-diying of (^orn, so as to enalilc 
this commodity to be shipped from llie island, are being closely 
wat(jhed. It may be suggesU'd that no time should be lost in 
putting up one or more drying macliines in Montserrat, and tlu* 
suggestion may be mad(‘ that the time is opportune for con¬ 
sidering tlie institution in Montserrat of a (jrov(‘i*nm(‘iit scluane of 
coiai buying on a eo operative basis, on tlu* lines of the s(;bem('s 
alxaii to come into operation in Antigua and Ht. Vincent (s(‘e 
Affriculturnl Nars^ Vol. XIV, ]jp. 58, 75, 100). 

Miudi atteiiti()n is Iming drawn by ilu‘ Agricultural Depart¬ 
ment at the present time to the possibility of (leveloping success 
fill trade in (rorn in maiyv of the islands ; (airreni. literature lias 
much to say on tlie subject so tliat there is no ne(M to repeat the 
arguments luire : it is sufficient to draw attention to the matter 
as one which should receive immediate and serious attention on 
tlie part of all concerned in agricultural matters in the Presidenev, 
and one whic.ii offers an attractive prospect as a means of diversi¬ 
fying tlie island’s crops. 

Attention is also being drawn ))y the agricultural officers to 
the (h^sirability of experimenting on a commercial scale with the 
cultivation of various peas and beans, and particular attention 
has been dire(ited to the Lima bean, which now forms an ini' 
portant ero[) in parts of California. Tlie (ailtiv^ation of this bean 
seems to offer much attraction to West Indian cultivators, and 
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the pro 0 peots'«ire that the industry could be carried on in Mont¬ 
serrat to Very considerable advantage. 

Attempts are being made to develop tin* onion iiichistry. The 
success that has attended the cultivation of this crop in Antigua, 
and the impetus that has been given to it \)y the fonnation of an 
Onion Growers’ Asso(;iation in tliat island with its (jonsequent 
organization of business and the iinprovenienl of the (jiialitv v)f 
the article expoi’ted, have caused many in ]\Ionts(*rrat to give 
consideration to onion growing on a large scale. Provided that 
the work is carried on with very great cai e, botii as regards the 
cultivation and also the liarvesting and packing of the crop, and 
that close co-operation is adopted in marketing, there would seem 
to be good reason for expecting success and tlie addition of 
^ another important crop to the list of the island’s products. 

For some yeais experiments have been in progress with a 
\^ew to ascertaining whether it may )k^ {)rolitable lo obtain 
essential oil of Bay Jjeaves from cuUivaled and systeinalicjally 
planted trees rath<‘r than pla(H* i-eliaiHie oji the wild tiees found 
scattered thiongh the woods. 1’hese experiments have now 
reached a stage* when they are attracting much atti'iition, and it 
seems reasonable to hope that the systeniatic planting of the 
Bay tree, Pinieiifa (icris, may be attt*ndcd with success, and a 
definite business in properly prepared Bay Oil of gnaianteeii 
(juality, ship{)ed and sold on the basis of chemical analysis, may 
be added to the island's industries. 

In a recent issue of this Journal the suggest ion is made that 
the production of pork and bacon may become a West Indian 
industry now tliat the disabilities of climate can be iiulliHed by 
the use of refrigerating machinery. The suggestions there made 
should prove applicable to Montserrat ; if it is found possible to 
put tliein into successful operation, tliere is r(‘ason lo anticipate 
that the production of pmk and bacon would give j ise to an 
industry of veiy great imi)t)rtance, one which would probably 
have greater etlec.*t oji the }>rosperity of the. Presidency than the 
cotton industry has exercised in the past ten years. 

As the result of this general survey of the agricultural 
affairs of tlu* Presidency one may feel that although tlie cotton 
industry may be subjec't to depression, this is only of a tt‘niporary 
nature; there are also other enterprises possible, the developineiit 
of whicli will have the eirectof counteracting this d(‘pression, and 
by diversifying the agriculture of the island will have the 
effect of still further increasing tlu* pi-osperity of the Presiden(*y. 
To ensure this will demand a fair <lispiay of energy and enterprise, 
which Jiiay be looked for with some measure of conlideiice. 

Since the foregoing vvas written, information has been i*ecei\'- 
ed that arrangements have been made betwi*en the Fine Spinners 
and Doublers’ Association and the British Putt on Growing 
Association whereby the former undertake to purchase ^^\*st 
Indian cotton at guaranteed miiiimum ])rie(‘s for tlie croj) of 
1915-16. Under this arrangement it is understood Dial not less 
than 11(7. per 11>. is guaranteed lor lirst- (jiiality Moiuscijat 
cotton. Tliis arrangement is lik<*ly to prove of mueli impoilance 
to the Presidency as giving the industry, for tlie time being, 
a measure of stability that will appeal iavoimtbly to c*ottoii 
growers. 



22 


REPORT ON THE ISLAND OP RBDONDA. 


BY H. A. Tf^MPANY, D.Sr . (LOND.), F.LC., 

Superintendent of Agrieulture and (Tovernment 
Chemist for the Leewai*d Islands. 

Kedonda is an island 1 mile in length and A-mile wide at the 
broadest part, rising at its highest point to about 1,000 feet above 
sea-level. Physically it is steep and precipitous, and is surround¬ 
ed by high cliffs which rise vertically from the sea, and vary in 
height from about 200 to 600 feet. It is surrounded by aeep 
water, but there is fairly good anchorage for vessels on the 
western side in about 11 fathoms of water, a sliort distance from 
the shore. 

The island is situated in Latitude 16 55' Korth, Longitude 
62° 16' West. Tlie nearest adjacent islands are Antigua, 
Montserrat, Nevis and St. Kitts, which are distant from it as 
follows : Antigua about 40 miles north-east, Montserrat about 
15 miles south-east, Nevis about 25 miles north-west, and St. 
Kitts about 35 miles north-west. It forms part of the Colony 
of the Leeward Islands, and for administrative purposes ranks as 
a Dependency of Antigua; communication is, however, almost 
entirely witli St. Kitts and Montserrat. 

Volcanic in origin, the island consists in the main of hard 
compact volcanic rock, apparently andesitic in (jiiaracter, and 
corresponding with volcanic rocks occurring in the adjacent 
islands of Montserrat, St. Kitts and Nevis. Associated with this 
in places are layers of softer rock apparently consisting of coarse 
compact volcanic ash, with included boulders, corresponding to 
the so-called Terass deposits found in Montserrat. 

The island is, however, chiefly remarkable for the occurrence 
tlierein of deposits of phosphatic mineral.^ These deposits have 
now been worked for a considerable number of years b^ a series 
of Companies under licence from the Government. The licence 
is at j^resent held by Messrs. Forbes Abbot and Lennard, who 
pay a rent of £50 a year to the Government of Antigua for the 
privilege of working the deposits. 

The phosphatic mineral occurs as veins in the volcanic i*ock 
of which the island is conuxised. The thickness of the veins 
varies from a few inches up to a})Out 2 feet. In appearance the 
minei’al possesses a very fine-grained structure; in colour it varies 
between a pale creamy colour, and a deep greyish black. A great 
many intei-mediate varieties are found, but for purposes of rough 
classiHcation these may be divided under three heads : (A) a pale 
creamy form, (B) a black form, (G) a red form. 

During the course of the visit on which this report is based 
typical samples of the phosphatic mineral were taken for the 


Haul to have been disco < ered in 18G5. 
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purpose of analysis. Aiialyfcieal data in res|xxjt of tlie pliosphate 
content of the three samples are given below. 



A. 

B. 

C. 

Water . 

It) 05 

21-56 

19-17* 

Phosphoric acid ... 

27-07 

,38-60 

33-20* 

Silica . 

13-87 

3-20 

17-80 

Alumina iron oxide 

23-76 

26-44 

23-04 

Lime . 

nil 

nil 

nil 


The structure of the phosphatic mineral is very hnely 
crystallina Of the three samples, A is dark in colour, B is reddisli, 
and C pale in colour. From the above data it would appear that 
the reddish form is richest in phosphoric acid, and this corres¬ 
ponds with the opinion which is held at Redonda, viz., that the 
reddish variety is the most valuable. 

Ill relation to Redonda phosphate, McConnel gives the fol¬ 
lowing data as to its average composition :— 


Water 

21-1 percent. 

IHiosphoric acid 

30-2 „ 

Lime 

3-1 .. 

Silhia 

20-6 

vVlumina 

15-7 

In)U oxide 

3-6 „ 


It will be seen that the contents of phosphoric acid found in 
the abovementioned three specimens correspond approximately 
to the value (pioted by McConnel. 

Owing to the lact that the phosphatic material is present 
in the form of aluminium phosphate, the value of the mineral is 
largely reduced, since it is unsuitable for the manufacture of 
superphosphate of lime. Apparently the main application is for 
direct use as a fertilizer, the material being very Hnely ground for 
the purpose. The use of phosphate manures of this type is, 
however, at present decidedly limited. 

The manner of occurrence of the mineral as a vein product 
in igneous r(icks is somewhat unusual. From an inspection of 
the deposits and the surrounding rocks, tlie writer is inclined 
to the opinion that they have originated as the result of igneous 
intrusion through either siibaerial or submarine deposits of 
organic remains of considerable extent, probably guano deposits. 
As a result, the phosphatic material subset]ueiilly segregated 
itself from the volcanic rock on cooling, in the form of veins ; this 
view is further upheld by the fact that bands of phosphatic 
mineral frequently occur in the middle of igneous rock masses in 
unbroken contiuiiit}', displaying no .signs of Hssiiring or cleavage, 
which would appear if the material had been formed as the result 
of solution and 8ubse([ueiit redepo.sitioii. 

The veins of phosphatic material occur on the surface of the 
island on three sides, and in these localities operations have been 
undertaken at practically all points. On the western side the 

* The wrilci to Mr. Wiitcihuitl, Assislaul ChemisL, St. 

for dolenuinations of water ami ^ihusphoric aeid. 
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cliffs are particularly steep and precipitous, and at these points 
there are no obvious indications of the existence of veins of 
phosphate mineral. TJie appearances at tlie points suggest that 
at some period a considerable portion of the outer crust of the 
island has been split off, thus leaving what was originally the 
core of the rock structure exposed. 

The mining operations have consisted in the blasting and 
digging away of the suiTounding rocks so as to expose the veins 
of phosphate mineral wliich are ijjuarried out. liie operations 
have been exclusively surface in character, no shafts or adits 
having been driven, the relatively widely extended character of 
the deposits and the thinness of individual seams having appar¬ 
ently combined to render this the only economical way of 
working. 

The result of many years’ continuous working on these lines 
has been to cover the sides of the island with a thick layer of stones 
and boulders forming the tailings of the volcanic rock which 
have been hewed away to obtain access to the veins of phosphate. 
The layer of loose stones slowly hut (iontiiiuonsly grows in thick¬ 
ness, and naturally adds greatly to the difficulties of working ; it 
must moreovei’ constitute a source of danger owing to the 
liability of stone slides to occur on the steeply sloping surface of 
the island. 

The writer is informed that the phosphate is now much 
more difficult to win than in years gone by. No doubt this is 
partly due to difficulties outlined in the preceding paragraph, but 
from the writer’s own observations, and also from information 
gathei*ed locally, tliere seems to be ground for suspecting that the 
seams of phosphate mineral may tend to thin out as one proceeds 
further into the rock mass of the island. If this is the case, it fits 
in with the theory tentatively outlined above regarding the 
origin of the deposits, since contact absorption of phosphates by 
intruded volcanic rock would be liable to be confined to the sur¬ 
face layers, while the central portion of the intruded mass would 
contain pr.actically no phosphate. This view is furtlier upheld 
1)V the appearances observed on tlie western side of the island. 

At the time of the present visit, the most recently worked 
quarries were three in number : (1) at the northern end of the 
island, a series of quarries running from a height of about 600 
to near the summit of the island ; (2) a series of (piarries at the 
point called White Kock, facing soutli-east about 800 feet above 
the sea ; and (8) a small quarry below the labourers’ (piarters 
facing south-east and about 400 feet above the sea. 

Under normal conditions the staff* of labourers employed on 
the island ranges from about thirty up to as many as 150 at 
one time. At the time opei-ations were suspended in July last 
the numlier of labourers working on the island was about sixty. 

The labour supply is recruited entirely from the island of 
Montserrat; he men work for varying periods, but in all oases 
after about three months’ coiiunuoiis work they are allowecl 
a holiday. The labourers are housed and fed by the company, and 
recieive wages ranging from $2*40 per month for boys up to $5*10 
per month for quarry men. Carpenters and blacksmiths receive 
slightly higher rates of pay. 



The men are housed in wooden barracks situated on a small 
area of level ground to the west of and below the Manager’s 
house, ill which they take their evening meal and sleep; tlie 
morning meal is served in the quarry on week days. Sleeping 
accoininodation consists of tiers of wooden bunks ranged round 
the barracks. There is accommodation for a maximum of 180 
labourers. The rations served to the men vary according to 
circumstances, but consist essentially oF 1 oz. of peas, 3 oz. of 
rice, 1 lb of bread, and alternatively 1 lb. of fresh fish or ^-Ib. of 
salt fish or 4 -lb of fresh meat per day, with 1 ff). of sugar a week 
for each man. The food is (jooked for the labourers in a galley 
under the direction of the manager. 

Labourers are required to conforin to a (jode of rules framed 
for their government by tlie authorities of the company. The 
general character of the rules together with the working condi¬ 
tions are, on the whole, adopted to secure the comfort and well 
being of the labourers. Cases of sickness are occasional and the 
men, on the whoh\ do well under the regime. No difficulty is 
experiene.efl in recruiting labour as a rule. 

After excavation the pliosphate is conveyed from tlie (juarries 
to the yard adjoining the la]>ourers (piarters, on the heads of 
carriers in boxes each containing 84 Itj. Othev methods of 
moving the material appear to hav’^e been tried, including port¬ 
able tram lines and hand-carts ; the exceedingly steep nature of 
the surface of the land, however, has apparently militated 
against the success of these, except in specially favourable 
situations, and this ex[)ensive and slow method of transpor¬ 
tation remains in use. 

From the yard, the phosphate is transported to the shore for 
shipment by means oF a cable way traversing a narrow gorge 
consisting of two lines of wire cable, each of which carries a 
bucket conveyer capable of containing Lton of phosphate. The 
buckets are connected together by means of a wire hawser 
running over a pulley at the head, and counterbalance one 
another in the inannei* customary on such contrivances. The 
length of the eable way is 750 feet, and the height 600 feet. 
Apart from its use in convoying phosphate, it is also emplo^^ed to 
carry labourers and others from the yard to the shore, and vice 
versUf and to bring up stores and material: it in fact constitutes 
the only })ractical)le means of communicating with the sea-level. 

A second cable also exists in the north part of the island, 
and was formerly used to convey phosphate from the north 
quarries to the point of shipment, thus avoiding the long 
transportation now necessary. It however became unsafe some 
years ago and has not since been in use. 

At the landijig place, the shore is protected by a strongly 
built stone sea-wall, from which projects a small stone jetty 
possessing a substantial crane for shipping purposes. The 
phosphate is stored on the sea-front until such time as shipment 
is ready. Shipments ai'c made as aeciimulated material 
requires. No shipment appears to have been made siiiee 1912. 
There are at present some 1.^234 tons of pliospliate jiwaiting 
shipment. There seems to be no record in the Government Blue- 
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books of the amount of phosphate exported from Redonda during 
the past twenty five years. 

In addition to the items already mentioneti, the eipiipment of 
the island comprises a well equipped machine shop, store houses, 
a boiler and pumping plant situated on the sea-shore and utilized 
for pumping sea water for use as ballast with the cable way. 
There are also large water tanks for the storage of water, and 
quarters for the manager and foreman. 

The island possesses no natural water-supply ; the water 
required for use is caught by means of galvanized iron catchments 
on the hill-side and stored in the tanks referred to in the previous 
paragraph. When work is in progress about- 1 gallon of water 
per man per day is served out to the hands. 

The manager’s (jiiarters comprise a long and fairly 
commodious building situated on the hill-side above the yard and 
facing south-east. It is built partly of wood and partly of 
re-enforced concrete. The original wooden building vA^as partially 
demolished during the hurricane of August 7, 1899 ; t he wooden 
portion of the existing building represents part of the original 
house ; the concrete a(ldition was erected in 1909 by Mr. Smith 
the Manager at that time. 

There is hut little vegetation on the island, the surface being 
rock-strewn and barren, with no tlepth of soil. The principal 
vegetable forms which occur are species of Pri(;kly pear (Opuntia) 
and Cacti, notably Cereus. It is however worthj^ of note that the 
silver fern [trymnogramnie trifoUata) and the gold fern 
{Gymnogramme chrynophylla) both occur fairly abundantly 
in places in slieltered crevices in the rocks. From the point 
of view of agricultural possibilities the island is entirely without 
value. 

There are no available records as to rainfall, although the 
writer was informed that some years ago a gauge was kept; the 
returns from this do not seem to have been preserved. From 
the character of the island precipitation runs off* with extreme 
I’apidity. 

Communications with other islands is by sailing vessels, 
except for the occasional calls of steamers to load cargo. The 
island is visited by a sloop from Montserrat twice a week, which 
maintains communication and transports labourers together 
with necessary stores and supplies. The company possesses an 
agency in Montserrat. 
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NOTES ON THE FEEDING AND MANORIAL 
VALUE OF LIME SEED. 

BY H. A. TBMPANY, D.SC. (LOND.), 

Goveriiinont Chemist and Superintendent ot Agriculture 
for the Leeward Islands. 

The seeds of the lime fruit form a not inappreciable 
by-product of the Lime Industry. In Dominica, for instance, 
taking the 1914 crop at 388,000 barrels of fruit, and allowing for 
the shipment of 40,000 barrels of fresh and pickled limes, the 
production of seed at 2J lb. per barrel of limes would amount to 
470 metric tons. At the present time their disposal constitutes 
aproblem of some little importance on lime estates ; apart from 
the very small quantity required for planting purposes, they are 
usually disposed of with the skins and pulp by placing them in 
(jattle pens, or throwing them on one side as waste material. 

It appeared, however, to be worthy of enquiry to ascertain 
definitely what the manurial and feeding value of lime seeds is 
as compared with accepted standards, and more especially 
whether they possess an appreciable content of oil which might 
be used for commercial purposes. 

Accordingly samples of air-dried lime seeds were sent to the 
Government Laboratory for the Leeward Islands by the Curator 
of the Botanic Station, Dominica, for the purpose of analysis and 
investigation. 

The results of the analyses of the material from the point of 
view of* fertilizing and feeding value are given below. 

Manurial Valuation. 

Nitrogen 111 percent. 

Phosphoi’ic acid 0*58 
Potash 0*353 ,, 

Moisture 9*30 „ 

From the point of view of manurial constituents the materia, 
is less valuable than the majority of seeds ; on the Barbados scale 
for the valuation of manures it is worth $3*29 per ton. 


Feeding Value. 


Crude 

protein 

6!»1 

})er cent. 

Crude 

fat 

34-44 

Crude 

fibre 

17-79 

*1 ) Y 

Crude 

ash 

2-19 

it 

Crude 

carbuh^’d rates 

29-04 

yt 

Moistu 

ire 

9-30 

yy tj 


100*00 


Albuminoid ratio on ci’ude protein 1 : 15*5 

The seel is deficient in protein but rich in carbohydrates. 




The most noteworthy feature of the results lies however in 
the higheoiitent of oil, amounting to 34*44 per cent. 

In order to obtain some idea of the })O 8 sibl 0 value of the oil, 
about 200 grammes of lime seeds were submitted to extraction 
with chloroform and the extracting solvent subsetmeiitly 
removed by distillation. As a result about 35 c.c. of oil were 
obtained ; the oil as separated in this way is a rather dark-yellow 
viscous fluid, of about the consistt‘ncy of olive oil. 


The following constants were determined in respect of it : — 

Specific Gravity *9160 

llefVactive Index 1*4700 


Iodine Absorption 153*9 (Hubl.) 

Saponilicatioii E<juivt. 339*6 

Solidifying Point 6°-7'’C. 

T1 le oil gives a deep reddish-brown colour with concentrated 
sulphuric acjid ; it is soluble in chloroform ether, petroleum ether, 
and benzene in all pro]>ortions, but insoluble in alcohol. 

When separated in tlie above manner the oil possesses a very 
pronounced bitter taste. This apjjears to be due to some bitter 
principlt^ contained in the seed Avhich is dissolved out in the 
chlorofonn ; it seems that the princij)le in (juestioii is alkaloidal 
in character ; the oil cam be freecl from it by washing with 
alcoholic hydrochloric acid. 

The oil does not appeal* to possess any drying properties ; a 
comparison with other oils appears to indicate that in gejieral 
character i.. somewhat resembles the oils of the rape oil, and 
cotton-seed oil groups, and might ftnd application as a lubricant 
or in soap making, and if the bitter liavour referred to above was 
removed, 2 )ossibly as a substitute for olive oil. 


It seems possible that if the oil were expressed by pressure, 
instead of extraction by solvents, the bitter 6avour would not be 
so jjronouiijed ; on the other hand, the presence of such a bitter 
comjjonent in the press cake would no doubt impair the value of 
this for feeding inirpo.scs. 

Ill order to enable comj)arison to be made with other jiress 
cakes, the manurial value has been recalculated on the assumption 
that the oil content has been reduced to 6 per cent, as follows :— 

Nitrogen 1*520 

Phosphoric acid 0*807 
Potash 0*493 


Such a press cake would on the Barbados scale for the 
valuation of manures be worth $4*50 per ton. 



THE POISONOUS FORMS OP ‘ PHASBOLUS 
LUNATUS’ (THE LIMA BEAN). 


UY \V. R. DUNLOJ', 

Scientific A.ssiRtani on the Staff' of tlio Imperial 
Department of Agriculture for the West IiulicH. 

iNTRODUfTOHV STATEMENT. 

The following i‘(‘view of our present knowledge of the 
poisonous nature of PhrtscoJus Innattis, though notemhodying the 
resiilts of an experimental enf|uirv hy tlie writer, lias been 
written with a delinite object connected with the present work 
of the Departmeitt. This (object is to provide Agricultural 
Officers and planters who have been induced through the efforts 
of the Imperial Commissioner of Agriculture to give iiKU-eased 
attention to the cultivation of this lood crop in the West Indies, 
with as clear a statement as possible of the conditions under 
which priissii* acad may be developed in the seeds of some forms 
of til is species. 

To remove at the outset an}" feelings of m'sapprehension or 
alarm, it may be s ated that only lh(‘ coloured beans of certain 
wild or semi wild forms of P. Innatvfi have been found to contain 
prussic ac*id in dangei’ous ])i-oportion.s. The white beaiis usually 
])roduced under cultivation in America and the West Indies are 
en(ir(‘ly harmless ; a large trade in them (‘xists, aiid the}" 
constitut(‘ an im[>ortant and recognized article of food. It has 
occurred to the writer. ]n»\\'ever, that it is important in face of an 
almost complete absence of delinite information, to learn vsome- 
thing (M)ncerning the transmission of the poisonous characteristics 
if only to guard against any possible reversion of the white 1 ean 
through h}d)ridizalion. Apart from this consideration, it would 
be useful in tlu‘ selection of the coloure<l varieties, and of no 
little inter(‘st from a s(*i 'iitilic aspect. To einpliasize the need 
for this work constitutes a second object of the present paper. 
Some of the work that has been done on P. lunains points to 
the sod as a fac^tor to be rec*koned with, affecting at any rate the 
[)i*odu(ition of prussic a(ad. If this is so in tJie case of colour, it 
is a striking exception to the general rule established by workers 
in geneti(*s. Experiments recently conducted at Mandalay, 
Ihirina, with different forms of l^angoon beans (P, hmaius) have 
not given (amelnsivt^ results. Indeed one may almost with 
safet y dismiss tlie idea of soil inlluence. Xevertheless. the point 
having Ix^en raised, the present writer lias in hand a series of 
experiments designed to show whether any indication of a 
change of colour or prussic acid content is made manifest by 
growing plants from white seeds in unfertile soils. Opportunity 
will be taken at the same time to examine the mode of 
pollination. It is also hoped that crossing experiments between 
white and coloui*ed seed-producing plants may be carried out in 
order to arrive at some idea of the mode of transmission of the 
(‘haracteristics as suggested above. Most of the work on 
lunatus lias been almost entirely of a chemical nature, except, 
perhaps, in the Southern United States where, however sectionel 
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work probably began with a South American strain of Lime 
bean from which tlie prussic acid-producing propensities liad 
doubtless already l)een parti}’ eliminated in Peru, With our 
tropical strains there is urgent need for botanic;al investigation. 
Work along this line, but with reference to improvement rather 
than to analysis, will doubtless suggest itself to those interested 
commercially in the Lima bean in the different colonies of the 
West Indies. 

Botanical and Economic Featubes of P. lAmatus, 

Phaseolus lunatus belongs to a large genus of the 
Leguminosae-Papilionaceae, all of whose species are natives of 
warm climates. P. hinatiis is apparently wild in tropical 
America, as well as in tropical Africa and Asia, hut so generally 
cultivated in hot climates that it is difficult to ascertain its 
origin. De Candolle believes it to be a Brazilian species. It is 
very like the commou French bean in general aspect, but the 
fiowers are much smaller and more numerous ; and the pod is 
flat, short, broad and somewhat orescent-shaped, with only two 
or three seeds. Griesbach describes the stems of specimens from 
the West Indies as usually twining, the leaflets as ovate pointed, 
cal^x 4*toothed much longer than the bracteoles and spirally 
twisted, flowers greenish, white, and seeds purple or,white. 

These arc the principal specific characl(*rs, but it has to be 
remembered that there exist a large number of different varieties 
in various parts of the world. (Joinmercially these are known 
under different names. In the English market, Java, iMauritius. 
Madagascar and Rangoon beans are all the products of varieties 
or strains of P. To we beans of Sierra Leone, and the 

Bush bean of Australia also belong to the same species. In the 
new world, Lima bean is the popular name. Many others art' 
recorded in different places, but they all appear to he the 
product of P. lunatufi. The Imperial Institute, whitdi has given 
much attention to P. luiiattiH, recently classifies the commeicial 
beans into four groups : — 

(1) Java beans. —Medium sized on the flat somewhat 
shrivelled varying in colour from purplish-red to nearly black. 
A few white beans are sometiines intermixed. This group 
contains considerable quantities of prussic acid. 

(2) Red Rngoon beans.-SiimW reddish beans which are 
usually plump, and occasionally show purplish spots. This class 
contains traces of prussic acid. 

(S) Small white -Plump and resembling ‘small 

haricots \ Generally contain mere traces of prussic acid but 
occasionally larger quantities. 

;4) Lima beans. -Them resemble ‘ large bari(u»ts’ and are 
quite white and contain no prussic acid. 

Nos. 3 and 4 doubtless correspond to the Sugar and the 
Lima bean as cultivated in the West Indies and elsewhere. 

W, W. Tracey of the United States Department of Agricul¬ 
ture gives the following classification of the Lima bean ; - 
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Phaseolus lunntus (Lima 6ertn.S').—Leaves pinnatel}’ 
trifoliate, tlie terminal leaflet present ; seeds with more or less 
pronoiinoed veiiiing and flat to oval flat; flowers small or not. 
;;-inoh across the wings ; roots fibrous ; pods not edible at any 
stage of development. 

Plants, hush: (a) seeds flat and large. 

(b) seeds flat and small. 

(c) seeds thick and large. 

PU.nis, pole : (a) seeds flat and large 
(b) seeds flat and small. 

Under these live sub-headings are enumerated the difl'erent 
commercial varieties on the American market. 

Apparently the bush and pole varieties of the United States 
correspond to Nos *4 and 1 of the Imperial Institute eoininercial 
classiflcation. 

As regard the selection of varieties, the most extensiv'e work 
has been dc>ne in the United States (C California) where high- 
yielding strains of Limas have been produced. 

It is significant that none of the United States’ publications 
on the selection and improvement of the Lima bean refer to the 
poisonous properties of this species. The probable^ reason is the 
complete aosence of prussic acid in any of the strains or varieties 
cultivated in that <*ountiy. If these have existed, climatic 
('onditions ma\' have exercised an influence on th(‘ disappearance 
of the prussi(* acid in the seeds, or more probably the selection of 
the beans would have eliminated the cyanogenetic proj^erty 
owing to the coi relation existing between this and colour. 1 he 
objections to colour from th.e commercial standpoint would a^ao 
have no doubt been pai tly i*esponsible. 

Work has recently been undertaken in India to improve the 
local strains.-and considerable progress is anticipated, both as 
i-egaids increase of vield and elimination of poisonous proper ies. 
Keference will be made to this work again later when (M)nsidering 
the factoi's influencing the production of prussic acid. 

History of the Poisonous Effects of P. Lunatm. 

The poisonous action of the beans of P. lunatus, resulting in 
several fatalities had been observed for many years before the 
nature of the action received careful investigation. Watt in the 
Dictionary of Kcononiiv Products of India (1890) calls attention 
to the marked poisonous characters sometimes exhibited, and 
van Romburg in 1897, referred to their toxic nature in the island 
of Reunion, and actually indicated the presence of prussic acid. 
For many years (*ases of cattle poisoning as the result of eating 
the beans harl been recorded in Mauritius, and Bonanie also 
detected prussic acid in the seeds. During 1898, samples of these 
Mauritius beans were sent to the Imperial Institute, London, for 
investigation, and the complete chemical elucidation of the 
natui'e of the poisoning was achieved by Dnnstaii and Henry 
and published by According to de Sornay, how¬ 

ever, Boii4me holds priority in this matter except that Diinstan 
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and Henr)^ are responsible for the exact determination of the 
prussic acid-producing substances. 

It is of historical interest to record the fact tJiat several years 
after this, a case of poisoning from the (?onsuniption of the beans 
was reported from Ceylon. This fatality was due to consumption 
of the beau shown by Dunstan and FTenry to be dangerous. 
Quite recently, however, the Director of Agric.ulture in Sierra 
Leone has stated that coloured beans, identified at Kew as 
lunaiiiH^ and reported as dangerous by the Tmpeiual Institute, 
are much appreciated by the natives, and no cases of illness have 
been heard of. It is ouite certain that a great variation exists in 
the extent to which the different coloured strains of P. lunatua 
can produce poisonous effects. This is a point which requires 
further investigation. 

Nature of jiie Poisonous Properties -Cvanogenksis. 

In the course of that which has so far been stated, i*eference 
has been made somewhat loosely to the prussic acid content of 
P. lunatus. It would be more accurate to speak of the capacity 
for producing prussic acid, since this poison does not exist in the 
beans in a free state. As already stated, the subject lias been 
thoroughly investigated by Dunstan and Henry, wlio have found 
that when the beans belonging to the class already described 
are crushed and moistened with water, prussic acid is prodiK*ed 
in considerable (juantities. The same phemunena had bt»eii 
observed and explained previously in the (*ase of the Egyptian 
fodder plants Lotus m'dhicus and Sorghum ml gore. It was 
known for many years to exist in the case of the bitter almond 
and cassava. To denote the chemical change which takes place 
in the moistened material, Dunstan and Heniy suggested the 
term cyanogenesis. Brielly this consists in the interaction in the 
plant of aglucoside and a ferment simultaneously present. Prussic 
acid does not exist in a free state, but is rendered available from 
the glucoside (containing hj’^drocyanic acid = prussic acid) 
through the splitting up action of the ferment in the \ resence of 
moisture. Amongst plants there are several glucosides and fer¬ 
ments capable of giving rise to prussic acid, but in the seeds of 
Phaseolus lunatus the formation of the acid is attributed to the 
glucoside phaseolunatin which is split up by the enzyme emulsion 
producing dextrose, acetone -and hydrocyanic acid. Curiously, 
the same two substances are responsible for prussic acid formation 
in cassava. 

One of the most interesting results of this investigation was 
the establishment of a correlation between prussic acid production 
and colour. This has already been referred to in describing the 
different kinds of beans. It will have lieen gathered that as a 
general rule P. hmaim produces seeds which vary in colour in 
proportion to tlie extent to which the plant has been subjected 
to cultivation ; while under partial cultivation the seeds are 
usually light brown or pink with a few purple spots, and when 
thoroughly cultivated tney become much larger, and the colour 
changes to a pale cream tint. Coincident with these changes of 
colour in the seed coat, the toxicity of the seeds tends to 
decrease in cultivation. The selected white beans are therefore 
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always quite harmless. It appears, however, to the writer that 
tliis correlation is not quite as definite as Dunstan and Henry 
at first believed. This can be seen from their later (dassification 
given earlier in this paper, and from the selection work in 
Mandalay. Moreover, Guignard detected the poisonous principle 
in practically all the varieties of P. InnatuH whether wild or 
cultivated, though the (|uantity was almost inappreciable in the 
seeds of the improved forms like the Jjima bean. 

Factors Influencing the Toxk^ity of the Seeds. 

Scurti and Tomma.si, of the Rome Agricultural Chemical 
Experin»ent Station, have investigated the effect of inannies on 
ihe compfjstion of the seed of Phaseohifi vulc/ariN (the French 
1 ean) and P inultiflorift They found that the application of 
nitrate to the soil (lecreased the amount of non-protein nitrogen 
in the beans. If this non-pi*oteiii nitrogen be taken as a mensure 
of toxicity, it would ap]jear that a rich soil tends to reduce 
the alkaloid content of seeds— a phenomenon which in fact 
has been observed in the case of medicinal plants. Treub 
has stated that nitrates exert a direct influence on the 
j)rodiu;tion of hydrocyanic acid. It would appear from this that 
the soil may have some influence in regulating the glucoside 
(‘ontent of ihe seeds of P. hamtusi. Against the hypothesis that 
a rich soil reduces the poisonous content, we have the results 
obtained by Brunnich in Queensland, who found that the 
poisonous pro])(U*ties of Sttrghvm vulgnrt increased with improv¬ 
ed fertility. At the same time it-must he remember(‘d that in one 
case it is the seed of a ])lant that is considered and in the other 
the leaves and the stt*m. 

Recent work in Hurma tends to ijidicate that the soil plays 
some part in determining the colour of the seeds of 7* hnv ins. In 
Mandalay, at the Agricultural Station, dai'k-colonred s(‘eds were 
sown, and those whicth were reaped were of a lighter eoloui*. This 
may have betui due to cross-hM-tili/.ation. These experiments 
indicate that the colour correlation is by no means complete, for 
.some selected .seed of light colour (but not white) produced more 
prussic acad than tho.se selected of dai*ker colour. On the otlnu* 
hand, the rever.se ea.se was also observed in .some instances, so 
that the n'sults are not conclusive. 

It is ai()i*e than probable that the production of non poison¬ 
ous white .seed has been almost entirely the result of selection, 
and it would be better to say that the toxicity of coloured beans 
decreases undei* the infiuence of selection rather than cultivation, 
which is not generally taken to mean the former. 

In putting foi'wai-d the explanation of cyanogenesis, it 
cannot be too strongly emphasized that the cyanogenetic glucoside 
and the enzyme are complementary as regards the production of 
prussic acid. If one is absent no poison can ))e formed. But 
this does not mean that one compound cannot exist without the 
other. Veiy probaldy it ean. And it seems to the writer an 
important matter to decide whether some strains of P. lunatm 
beans niiiy not contain the glucoside without the enzyme, and 
others the enzyme without the glucoside. If this does happen, 
each kind would by itself be harmless, but if mixed, would 
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present the same danger as if both compounds were oonta‘ned in 
the same seed. Possibly the case of the Sierra Leone beans 
proving hirmless may be an example wliere the glucoside exists 
without tlie enzyme. 

Turning to consider the possibility of removing the poisonous 
nature of coloured seeds by the application of heat, it has been 
found that this treatment does remove the power of the crushed 
seed to produce prussic acid afterwards in the presence of 
moisture. This, however, does not necessarily mean that tlie 
material is rendered harmless, since the effect of the heat is to 
destroy only the enzyme or ferment. It is qui^^e possible that 
other vegetable foods may be consumed along with the beans, 
which may contain a ferment capable of performing the functions 
of that which was destroyed. This argument is especially 
tenable in the case of live-stock, which ordinarily consume large 
quantities of green fodder. In the case of human consumption, 
the danger is much less. It may be laid down that natural 
absence of the enzyme, and occasionally high acidity of the 
stomach (which tends to prevent the formation of hydrocyanic 
acid) are the principal factors which explain re^orde I instances 
in which people and animals have consumed appreciable quanti¬ 
ties of coloured beans of P. lunatus without subsequent illness or 
fatality. 

Summary and Conclusion?. 

PhdHeolm hwntus is the origin of many diflerent kinds of 
tropical beans some of which are edible while others (^aii be 
(consumed onl}^ with danger. The poisonous principle is prussic 
acid, and although the production of this compound in seeds from 
cyanogenetic glucosides has been carefully investigated, onr 
botanical knowledge of the subject is nob yet sufficiently complete 
to allow of the statement that there is a deiinite coincidence 
between the piesence of poison and colour, nor are the chemical 
f.acts sufficient to show Avhether the glucoside may not occur 
witliout the ferment in some cases, and vice reran. In spite of 
certain observations to the contrary, it is not considered likely 
that the soil has any fiindaniontal inllnence upon the poison 
content or colour of the beans. The principal inliuence is 
probaf)ly artificial selection. Up to the present it is possible to 
state definitely two things: (a) that the dark purple or black 
bean (the Java bean) is dangei*ously poisonous, and (b) that the 
creamy-white Lima bean is perfectly wholesome. Tlie cultiva¬ 
tion of forms of this latter kind are being advocated officially in 
the West Indies, and an object of the preceding paper has been 
to remove any feelings of misapprehension. Another object has 
been to indicate the opportunity for further investigation, 
especially in regard to cross-fertilization. It has yet to be dis¬ 
covered what botanical relationship exist })etween colour and 
the presence of poison. 


NOTE. 

Tho.se interested in the subject agriculturally may wish to 
know of a convenient teat for prussic acid. The following was 
used by Professor Guignard of Paris; — 
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Filter paper is moistened with 1 per cent, picric acid and 
dried, then moistened with 10 per cent, sodium carbonate and 
dried, in which state it keeps its sensitiveness for several months. 
A strip suspended ia a test tube containing 0*02—0*05mg. HCN 
becomes red-orange in twelve to twenty-four hours. 
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SKIN DISEASE OP CATTLE IN ANTIGUA. 

COMPILED FROM THE OBSERVATIONS MADE BY 
P. T. SAUNDERS, M.R.C.V.S., A.V.C., 

Formerly Vetoriniary Officer to the Imperial Department 
of Agriculture for the We t Indies. 

SYNONYMS. The disease described in this paper is spoken of, 
and k own in Antigua as ‘ skin disease A supposedly identical 
disease of cattle which exists in the French island of Guadeloupe, 
is known as fnrcin dii boenf, and is said to have occurred 
commonly in France some fifty years ago, but to have now 
disappeared from that country. 

Leuco-derrnatitis is tlie name by '<>chich the disease is 
spoken of by Mr. H. Goodwin, M.R.C.V.S., of Antiguaj,,..the name 
apparently having reference to the leucocytic infiltration which 
occurs in the inflamed skin. 

DEFINITION. The disease may be primarily defined as an 
inflammation of the skin of bovines, characterized by the 
formation of huge (U'usts. 

ANIMALS AFFE(U’ED. Ill Guadeloupe the disease farcin du 
is spoken of as affecting horses, cattle and mules. This is 
not the experience in Antigua where all cases have been confined 
to bovines, with the exception of two cases of doubtful occurrence 
in the goat. It is therefore somewhat open to (|uestion whether 
the disease said to exist in Guadeloupe is identical with that 
reported from Antigua. 

DiftTRiBUTiON. Information has been sought but not obtain" 
ed with respect to the nature and present position of the 
Guadeloupe disease. Leaving that on one side, the disease 
appears to be known in the British West Indies in Antigua only. 
In that island it is more commonly found in the south-western 
portions, though occasional cases are to be met with in the other 
districts. Occasionally in past years, when the disease appears 
to have been more serious than it is at present it was widespread 
throughout the island. 

HISTORY, ^ssumii.g the identity of the disease with farci)! 
du boenf one idea is that the disease was brought from France 
to Guadeloupe many years ago, and from there to Antigua 
during the time, some forty or fifty years ago, when the cattle 
trade between the two islands was of some moment. The 
information to be obtained in Antigua is somewhat vague and 
indefinite. The general idea among stock-owners and others is 
that the disease was first seen in Antigua at the time of the 
importation of cattle from Senegal, some forty or more years ago. 
No definite information regarding this importation is available. 
These cattle are supposed to have brought with them the (;iold 
tick {Ainblyomma variegatum^ F.) which first appeared in the 
island about the same time. It is worthy of mention that 
Guadeloupe also imports, or imported, cattle from Senegal. An 
old stock-minder, however, at one time in the employ of Messrs. 
Dew, declares that the skin disease was known in Antigua before 
the importation of Senegal cattle. 
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In Antigua, the lirst mention of the disease occurs from 
Galley Bay, tlie date being (yaite uncertain. When the disease 
was first introduced into the island, it spread more or less 
rapidly throughout its greater part, and was epizootic, the 
mortality amongst cattle being considerable. Mr. J. I). Harper 
in December 1904, in a letter to the Colonial Secretary, writes 
‘ it is most fatal to herds all over the island in some years.’ The 
Colonial Secretary of Antigua writing to the Imperial (Commis¬ 
sioner of Agriculture in February 190e5, states:‘This disease 
causes much lo.ss.’ In Marcli of the same year, Barbados 
prohil)ited the importation of cattle from Antigua, and Mr. H. 
Goodwin, M C.V.S., in the same month certified : ‘ there are 
no case^ of skin disease in the island at present,’ a condition 
which may be explained by the seasonal incidence of the disease. 

At the pri‘sent time it should be stated that the disease is 
not nearly so commonly met with as foi’inerly ; also that it does 
not appear to be so contagious amongst stock ; and further, that 
its effects on an individual animal are not so pronounced. The 
percentage of mortality also appears to be considerably reduced. 
The history of many deaths—in some cases daily deaths are 
recorded—should be accepted cautiously, and there is a possibility, 
and almost a probability that all the deaths were not due to 
skin disease, but that some were due to other causes, such as 
starvation, parasitism, and tuberculosis. Moreover, as the disease 
was then (considered to be almost always fatal, neglect of affected 
animals, both by the owners or managers and the cattle-minders 
may have contributed to the spread of the disease and increased 
the rate of inortalitv'. 

8KASONAL 1N( [nBXcu-:. It is the usual occurrence to hud the 
first cases of the disease in the summer, that is to say, about the 
months of July or August. It is probably at its worst during the 
months of (Ictober and Xovember. and graduall}" declines in 
virulence and number of (cases from then onwards, February or 
thereabouts usually being the time of its final disappearance. 

In dry years the disease appears to be less severe, and it 
may be for this reason that its incidence in the [)ast few years 
has been less than formerly. It is worthy of note that the time 
of occurrence follows within a few weeks of that of the appeai*- 
ance of the Gold tick. 

DTRATloN. A mild case of the disease, in which the extent 
of infection o’ the skin is small, may have a favourable terminat 
tion in a few weeks. Tiie usual experience however is far 
removed from this, and the general rule is that castes are most 
stubborn in yielding to treatment; three or four months are 
usually rerpiired before a well-established case can be considei’ed 
cured. In the violent eru[)tive type, death ni ly ensue in as little 
as three weeks after tin* symptoms are ap[)arent. In other fatal 
cases the duration is lengthy and the animal succumbs oulvafter 
several months. 

TBRMINATJONS. A (ciire may be looked for in the majority 
of ewes whi(jh are taken early, and in which the extent of 
infection is small. In more severe cases death succeeds coma 
produced by exhaustion. In those cases in which a large area of 
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skin is in a condition of sepsis, death may occur from septicaemia 
or pyaemia, or a septic intoxication from pyogenic organisms. 

COMMUNICABILITY. Nothing definite is known as to the 
means of infection. On the hypothesis that the disease is due 
to a fungus, wound infection would be most probable, and in this 
connexion the wounds caused by the biting of the Gold tick, 
which are prone to festering, must be taken into account as 
well as those from thorns, barbed wire, and other sources. 

IMMUNITY. An attack does not confer any immunity on 
a recovered animal but rather appears to produce an inci’eased 
susceptibility. An animal which recovers from the disease one 
year, appears to be liable to a return of the disease the following 
year, and even a third year. Stock-owners have stated tliat 
an animal seldom survives the third attack. 

ETIOLOGY. Predisposing Causes. Age does not appear to 
exert much influence ; calves appear to be as susceptible as older 
animals. Though the disease is perhaps more prevalent among 
the cow flock than the working oxen, this appears to be due to 
the smaller amount of attention given to the former, rather than 
to the specific influence of sex. Condition appears to have some 
influence in that animals in good condition are possessed of 
greater natural resistance. Housing and hygiene play their 
normal part; insanitary conditions and insufficient food weaken 
the power of resistance, as also does previous disease. The 
effects of the direct sun may conceivably render the skin more 
liable to infection. Heredity is thought by some stock-owners 
to exert some not inconsiderable influence. 

Definite records to prove that this is the case have not been 
obtained ; indeed, it is difficult to see how heredity can exert any 
influence. At the most it can be no more than a predisposition. 
Certainly no calf is ever born with the disease. Those cases 
where the disease appears to have been handed down from 
generation to generation rather constitute an argument in 
favour of the theory of direct contagion. 

ii. Exciting Causes. On NoveinV)er 11, 1913, a heifer belong¬ 
ing to Mr. E. T. Lang of Golden Grove died, and a post-mortem 
examination was carried out which provided material for further 
work on this disease. 

Blood smears were made on the spot, and later examined 
in the laboratory ; cultures on nutrient agar were made, and 
specimens of the skin and organs were taken for further treat* 
ment and examination. 

The blood smears showed a variety of organisms, mostly 
cocci, and bacilli of many different shapes and sizes. Smears 
of bile revealed the presence of smilar organisms 

The specimens obtained were examined macroscopically and 
in some cases microscopically, and the following appearances 
noted :— 

1. Liver, normal; bile clear. 

2. Lung, normal. 

3. Blood clot, heart: clotted well and appeared normal. 

4. Intestines, large : normal. 
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5. Intestines, small: normal. 

0. Spleen, normal. 

7. Heart, sliowed early endocarditis. 

8. 9, & 10. Skill from the foreleg and two pieces from tlie 
hank. These sliowed typical lesions described later. 

Two series of six cultures each were made from the blood of 
the heart, spleen, and thoracic cavity, and from bile with and 
without added citric acid. These were kept under observation 
for several days. 

Two guinea pigs were inoculated sub-cutaneously in the 
hank : animal A with approximately 1 c.c. of blood from the 
heart, animal B with T7 c.c. of pure bile. The material was 
taken with all possible precautions against sepsis, and the 
inoculations were made at 2 p.m. the same day some four or hve 
hours after the post-mortem. Guinea pig A died at 12.30 p.m., 
the following day, November 12, approximately twenty-two and 
a half hours after injection. Guinea pig B was sickly the follow¬ 
ing day and died during the night of November 13, between 
fifty and sixty hours after injection. 

Post-mortem examinations were made in both cases, blood 
smears were made, and cultures were made on nutrient agar 
from the site of injection and with blood from various organs of 
the body. 

Both the guinea pigs appeared to have died from septicaemia, 
the causal agents of which were introduced artificially at the 
time of inoculation : in neither of them did microscopical examin¬ 
ation show organisms other than those which night be expeded 
in a case of septicaemia, and the appearance of the cultures 
supported that condusion. A yellow orange coloured growth 
obtained in several of the cultures revealed on microscopical 
examination the preseiu;e of pure cultures of cocci, which were 
pre.sumably Stajthi/JoctKTiL^i ])t/(}(/enrs mtreuH. A white growth 
commonly obtained was alsf» a coccus, and it was presumed, 
after microscopical examination, to be StrcptororcuH pj/ogentf^. 
These are the (unninoii pus organisms, and as they were obtained 
from all matei-ial of tlie dead animals, both the heifer which died 
naturally and the two guinea pigs which died as a result of 
artificial inoculation, it may safely he taken that the\" were the 
cau.se of death in the inoculated animals; and if not the actual 
cause of death in the heifer, they were at least contributory. 
In the case of the heifer it must be borne in mind that they may 
have been actcidental and not the cause of death. The evidence 
of the inocnilations and cultures supported by microscopical 
examination shows that death was merely due to septic 
absorption. This evidence may be disregarded in the attempt 
to ascertain the actual cause of skin disease, but it is useful in 
determining the factor, or one of the factors, in the cause of 
death. 

Many attempts were made from the living animal, by blood 
smears, cultures, and inoculations, to isolate the (;ausal organism 
All these proved of no avail, and the ccmclusion was drawn 
that the causative agent, whatever its form may be, was not 
to be found in the blood. 
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Blood Rinearfi made under all oondilions in the field were 
later examined in the laboratory, and for the moRt part (jontained 
Jio or^anismR which were made visible by the ordinary 
bac^teriologieal methods of staining. Many stains were employed, 
inehiding methylene blue 1 per cent., acjucous eosin 1 per rent., 
earbol-fuehsin. Gram, Gieinsa, aiul Leishman. Among the 
methods used was that of Burri, which consists in making a blood 
film in the ordinaly way and smearing a drop of Indian ink over 
it. The Indian ink does not stain organisms, and they are seen 
white on a dark back-ground. This methed is of considerable 
use in demonstrating spirochaetae—none were however found in 
these investigations. P^xcept in one or two cases where accidental 
infection was obvious, the blood did not appear to contain any 
visible pathogenic organism. 

Cultures were made from blood on diflerent media. Nutrient 
agar was used in the majority of cases, while blood-serum agar, 
potato, and carrot were also tried. j\Iost of the (cultures remained 
sterile, some few were infected accidentally and showed niicuus- 
copically the presence of various mixed organisms, while a very 
few cultures were infected with what appeared to be the common 
saprophjdic fungi. 

Inoculations of guinea pigs also proved of no service. 
Guinea pig C was inoculated (12. 12. 18) with J, c. c. of serum 
obtained from tla* jugular of an atfW‘l(Hl calf, without visible 
effects. 

(biinea pig D was inoculated tin* same day (12. 12. 18; 
with ^ c. c. of bile from tlu* saim* calf. Next morning, S(‘V(*nteen 
hours after inoculation, it was disinclined to )nove. and lejuaiiied 
huddled up in one corner of the cag(\ breathing hiirrit*dly. 
During the day its condition remained tlie same. The next-day 
(1. 12. 18), forty-eight- liours afte2- inoculation, the guinea })ig 
appeared rnucli brighter, (lie a])petite had let-uiiied. and the 
respirations were normal. This improvement was maintaim'd, 
and on the fourth day recovery was coin])l(‘te. Blood smears 
were taken twice daily for tlie first few days, and oiuh.' daily in 
tlie succeeding few da 3 's. Jn no case, however, wei’e any 
organisms found. 

Inti ape ritoneal inoculations wei*e tried with no success. 
Guinea pig E received i c c. of blood (10. 12. 18) from a cow 
which iiad extensive lesions on its body. No result was obtained 
from this inoculation, the guinea pig remaining in apparently 
perfect health. Blood smears taken were nnprodmttive of any 
result. 

Guinea pig F* received J c. c. of blood serums intraper- 
itoneally. (liM2.13). The results experienced were the same 
in this case, the guinea pig being entirely unafiPected b}^ the 
inoculation. Blood smears did not reveal the presence of an}" 
organism. 

Fresh wet blood was examined wherever practicable ; in no 
cjase was an organism found. Protozoa—trypanosomes and 
piroplasms—would he revealed by this method if taken at the 
time of rise of temperature. In this disease a rise of temperature 
of a remittent type such as might he expected in a protozoan 
infection, was not observed; one owner spoke of such but no 
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importance was placed on his observations in this (jonnexion. 
The apparent improvement was probably tin* result of better 
feeding m the case ineiilioinsl. whicJi siibsecpiently died. 

Attention was directed to the possibility of a fungus as tlio 
cause of the disease. 

Gedoelst in Synopsin de Paraaitologie (Brussels 1911) des¬ 
cribes under the Hyphomycotes the genus Discomycea, Rivolta, 
1878, and says that Dincomycea farcinicits is the cause of farcin 
dll boenf by which name Nocard (Annales de Vlmtitut Pasteur, 
1888, Vol. IT, p. 293) describes the skin disease of cattle in 
Guadeloupe, rnfortunately it was not found possible to consult 
the latter paper. * 

In December 1913, on Millars plantation where a cow had 
beeo under observation for some time, a guinea pig was 
inoculated by scarihcation from a scab on the udder of the cow 
without result. Cultures were made from scabs and from blood 
at scabs on 1 per cent, glucose agar, 4 per cent, mannite agar, 
and potato. In most of these profuse fungous growths were 
obtained. Fresh sub-cmltures were made in duplicate, and one 
series together witli the original (*ulture.s were submitted to 
the Mycologist of this Deparruient (Mr. Wm. Nowell, D.I.C.) 
for examination. The other series was retained for inoculation 
experiments. Four guinea ]>igs were used. In each case the skin 
was shavtKl and rendei’tsl aseptic in two places, behind the ear 
and on the Hank, on ea(*h side of the animal. Small scabs foianed 
over the scariiied {)art which healed in the normal way. and in no 
(*as(‘ was there any sign of infection. 

.Mr. .Vowcll reported with regard to the cultures examined 
by him that they contained fungi liaving forms characteristic of 
the following genera, the numbei* in brackets repi*esenting the 
frequency of occurrence of each in the fourteen original cultures : 
Oosporatl), Fusariuiu (2). Sjiorotrichum (3). Dendryphium or 
Am*othecium (3). Oedocephalum (I), Penicillium (1). Aspergillus 
(1) Sterigmatocystis (1), In addition there was a fungus (1) pro¬ 
ducing spores similai* in form to those of Mycogone but smooth, 
and with the distal cell black and opaque. iMr. Nowell indicated 
which of the parallel sub-cultures were likely to be suitable for 
inoculation ]>urposes and furthei* stated : ‘ I should regard the 
Oospora and the Sporotrichum as most likely to be the cause of 
a skin disease.' 

Pure cultures having been obtained and the result of 
inoculating guinea pigs being negative, it is obvious that in order 
to continue the investigation it was necessaiy to inoculate 
animals known to be susceptible to the disease. The ii vestiga- 
tion was arrested at this point for want of local facilities tor 
carrying it further. 


Holmes of ihv Jitpartnieni of AiP'iculfuve in India, Vet-erin- 

ai v Sei ies, Vol, Tl, No. o, 1914) desoribes a skin disouse of horses in Indio 
known as hnrsnti in which ‘ the presence of spores and mveelia in the bursati 
tumours, and the fact that, cultures of a fungus of the genus Sporotriebum have 
J*epeatedlv been obtained from bnrsafi tumours and kunkurs, and also direct 
from the blood of horses infected with bursati, affords some evidence that the 
disease is a mycosis ’. 
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SKMETOT.ocn". Tlif^ RympioiiiR are naturally divided into the 
<^<‘ji(‘i‘a] or vonstitntiojial symptoms, and the local lesions. 

(Constitutionally, tin* effec'ts apf)eai* to vary to a oonsidorahh^ 
decree in individual oases ; while some animals are obviously ill, 
others wliose local h‘sions appear to be <]uite as extensive, do not 
manifest constitutional disturbance to any marked extent. 

The animal is dull and listless ; the visibh* mucus membranes 
show evidence of general anaemia, which is also more pronounced 
by reason oF the deducdion of blood m(*chanically by ticks. 

The temperature is elevated to a varying degree in dillereut 
cases. Temperatures varied fronj I02 t) F. to 108*9^ F., ajid in 
no ease was one taken above that figure. It is stated, however, 
that fever is a prominent symptom, but observations in this 
investigation failed to confirm this. Th(‘ opinion was further 
expressed by owners that the fever is of a remittent type, a high 
temperature occ'n j ing, followed later by a subsidence to noi*mal. 
and suc(;eeded a few days afterwards by another i‘ise of tempera¬ 
ture. This phenomenon was also not observed. 

The pulse was normal in tlie great majority of cases, but in 
out- animal, a calf nine months old. which was obx iously dying, 
the pulse was fast and • running down '. 

The respirations are apparently not incrc^ased and no 
dilliculty in breathing was .seen. 

Tla^ appetite at Hist is unaffected, and in most cases is 
maintained almost to the end. In the later stages, however, tin* 
appetite may Fail and the animal app(^ars unable to eat. This 
may be succeeded by a revived ajipetite. to be again followed by 
a total hiSS of ajipetitc for some rlays before death. Cases which 
eventually recover vei v s<*ldom lo.sv* the a[)petite : and. if such bf* 
the case, it is usually (piickly regained. 

Ckmdition is maintained as long as the aj)petite remains, and 
in general appearance the animal is not thinner nor in any way 
worse than other stock ke[)t in the same condition. 

J^efore death weakness is very apparent, the animal being 
perhaps unable to lise, the flependent parts and the under 
surface of the body beconiiug swollen, hot, and painful, and 
showing oedema. 

Death occjurs in coma from exhaustion conse(|uent upon an 
intoxication of septi(^ products. These may be from the pyogenic 
bacteria always present and perhaps from the fungi. Castellani 
and Chalmers (Mantinf o/ Tropirai Medicine^ 2nd edition, 1918) in 
dis<;ussing a fungous infection of man. state: ‘The effects are 
due, in addition to rnecihanical action, to toxins secreted by tlie 
fungi. Toxic products. solubl6 iu either and aleoliol which act 
on the nervous and molecular system of dogs and rabbits liave 
been isolated.’ 

THK i.KSioNs. Two foruis are generally recognized. Some 
owners are of the opinion that three forms exist, but in this 
investigation it seemed that the third form, whiclj apparently 
is easily curable by application of oily dressings, is not the true, 
skin disease. 
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Tho two forms may be d(^fiei*i}>ed under the names (a) violent 
eruptive, (b) dry. 

(a) VIOI.ENT ERUPTIVK. The first syjiiptom seoii is a laisiij^^ 
of the hair on the iipj)er parts of the })ody. the fat'e, ])aek ami 
rump, in patches varying in size from a tlireepeniiv jjie(;e 
upwards. It is then seen that the raised hairs are matterl 
together by a secretion, wliich is the result of the bursting of 
a vesicle. This becomes a pustule before bursting, in many (rases. 
The evacuated secretion, lyrnpli or pus, dries in nitn, and a crust, 
dirty yellow white in colour, is formed. A number of vesi(des in 
bui’sting may croalesce. and the resulting crust be of some inches 
in area. When the crust is rubbed or falls olT, it (rarries the hair 
with it, leaving the skin underneath raw, and of spongy appear- 
ajure. TJje patches left are more or less of a circular shaj)e, and 
are not paijiful to the toucli. The lesions may sj^read all over 
th(‘ body, and lat(T to the legs. Cases in which the legs are 
involved aie looked upon as liopeless. This tyjjc of the disease is 
said to be the moi’t* viri^lent; the duration is less, and tier 
mortality gi(‘atf‘r than in the other form. Tlie a]>petite and 
condition are maiiuaincd until nearly the end, wlum the appetite 
fails and condition is lost rapidly. It should be stated that this 
form of t he discas(» is of much rarer occuri*ence than furimn ly. 

(b) DRY PORAf. This form begins in the same way, but- pus is 
seldom seen in the matting of tin* hair, and the skin is more often 
dry, und(‘r a scab. 'Fbe lesions are t^’pically much more extensive 
than in the othn- form, and begin on the under surface of tln^ 
body and the l(\gs. The bnit, d(»wlap ,and udder are soon afTe(*ted. 
and later the lesions may spread to other parts. The skin often 
cracks and bleeds, (‘specially at llie feet. In a wt‘ll advanced 
(iase tile h'sions may extend over a considerable [)art of the body 
surfa(.*(*, and it may be dilliciilt to see an area of sound skin. 
Fli(‘s lay tb(‘ii’ eggs in the skin in advanced cases, and the 
maggots may Ix^ seen cr.awling in it. The scab, wliieb is dry 
and cracked but is not painful to the toucli, may be conlinent 
over a large ar<‘a of skin—2 or 3 s(]uare feet, in iri*eguhir shape. 
It thickens as the disease jirogresses owing to the production of 
fresh material b'dow. The external and older part of the s(.*ab 
becomes bai-d and almost liorny in consistency, and pieces may 
be broken oil' without toficbing the skin. This form of the 
disease is slower in its course tlian the other form, and it lasts 
longer; its elTects arc not so severe, and the mortality is less. 
The appetiti' and condition are maintained till nearly the end. 
when th(‘ ap])etite fails, condition is rapidly lost, and the animal 
succumbs in a stat^of coma. 

HLST()rATH()R()(iV. Bectiems of the skin stained with 
haematoxylin and eosin were made and examined. No fn igus 
growth was however to he .seen in them, nor were any spores 
found.* 


* An examination was miult‘ in Anligna in ISUl l)y Dr. Prunris Watts (»f 
sections oi tlio skin of an animal affected by this disease. ‘ Lon^ hranchinjjr 
threads were found on the u}»i>er edge jof the sectionl and extending into tin* 
tissue ; these stained dee}) blue ptram.s metliod] forming striking ohjects.' 
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There was a destruction of* part of the stratum rorneum, due 
to fjhaiiges of an ulcerative nature ; othei* parts of the stratum 
sliowed Ji thickening, due to a proliferation of tlie cells. 

An infiltration of leucocytes was present, though not to 
any excessive degree. 

A dilatation of all Idood vessels was also marked, the vessels 
standing open. 

The most noticeable feature however was a marked intiltra- 
tion of round and spindle shaped cells into the true skin (rutis 
vera). These cells woi*e pn\sent in large (piantities. There were 
also present numbers of spaces lined with coliimnai'-celled 
epithelium, which greatly resembled a cohirnnar-c elkMl (;arcino?na. 

These two features, the first resembling a mixed-eelled 
scarcoina. and the second, a columnar-celled carcinoma, direct 
the attention to a possibility of a malignant new growth as the 
cause of the skin lesion; the prob,ability being that tlie malignant 
new growth is secondary to the primary irritant, which may be 
(‘onceivably supplied by a Fungus infection. 

niAdXOSls. lii the early stages the liaising of the hair in 
tufts and subsec|uent matting is an aid to diagnosis. Later the 
])reseiKM‘ of patches of skin of spongy appeai‘anef\ and denuded 
of hair, is sufliciently eharaeteristi<* : wliile in the later stages, 
tlu' horny scabs, the maint(‘nane<‘ of ap])etitH and (‘ondition. and 
tlu' absence of a s]X'(*iiie bacterial agent rendt*r dingnosis easy. 
The disease^ is sullieiently unlike any w#‘ll-known disease as to 
laMjuiro iu> guide for ditferentiul diagnr.sis. 

rnoCNOSlS. Mild eases admit of l uie, ])Ut sp\rie easrs ofteji 
liave a fatal t<aaninatioii. If neglected a large pci'e^ntage will 
die. but with care and good li'catment tlu^ mort.ality should not 
exceed 2t> ])ei* cent. In any given ease. it. is necessary, b(‘fore 
pi'ognostieating to know whetljor or not il is tin* iirsi attack, 
and to observe tin* care and attention expendorl on the animal 
and its food, in addition to the extent ami ag(^ of infestation. 

FATALllT. In tlu* t*arly history of tlu* disoaso in Antigua, 
it was supposed t hat the mortality in tlie violent t‘rnpt.iVe huin 
was very high, up to To or 8tl per e(*nt. It. is probable liowevor, 
that many animals which died from otlu*r (‘aus(*s an* iiu-luded 
in this numlier. In the dry form, the mortality was miufh less. 
]iro})al)ly not more than 25 per C3ent. Many of those* cases it is 
thought could be saved by care .‘iiid treatment. 

At the present time the mortality though diflicult of 
estimation is probably not more than 10 to 15 percent., of all cases. 

'rRKATMENT. The treatment of the disease has up to the 
present time not been satisfactory. Many stock-owners in the 
past have u.sed a mixture of tallow and vinegar as a wash for 
ad'ected animals. This dressing is tlu* stand by foi* sl.oclc in 
Antigua and, as is to be expected from its constitution, its 
usefulness is nf)t great. Other dressings with a basis of oil, and 
usually containing sulphur amongst otlier medicaments have 
been employed with doubtful success. A mixture of tallow and 
fish oil with Jeyes fluid has also been tried. The result of these 
dressings has been to keep a film of oil over the skin, sufficient to 
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interfere with nkin respiration, and their application has perhaps 
been productive of more harm than good. The non-success of 
the remedial measures adopted has induced a belief amongst 
owners that the disease is incurable ; this attitude has reflected 
itself in many cases in a want of care and attention on the 
animal. It has been said of the disease that it ‘ defeats all 
attempts at remedies.' 

The treatment w}ii(*h would seem to be indicated is the 
application of a fungicide sidficientlv strong to kill fungi without 
damaging the skin : if. however, the fungus be still growing in 
the skin though the point of existence })e healed, it is obvious 
that these di'essings would have no beneticial effect. Internal 
treatment would therefore be neciessary. Mt'rcury and the 
iodides, especial'y potassium iodide, in large doses lliree times 
daily should be worthy ol* trial. Arsenic would also appear to 
be indicated ; and a eoiubiiiation of arseiiious acid and mecury 
such as Donovan's solution {Li(inor (trsp)ili ct hydrnrgyri io(li<l{) 
may prove useful. 

Arsenic employed as an external dre.ssing by means of a dip 
or spray should prove of immense service in this disease. The 
arsenic, it is well known, remains in the skin for some weeks after 
application, and the means is thus atfbr<h'd of keeping up 
a constant medication of tin* a.ih^cted parts, wliich should have 
the elfcH't of (‘becking or desl roving any fungus thei-eiii. 

PKOPHVL.VXIS. The prevention of the disease a[)pears to 
depend upon the possibility of tlu‘ production in the skin of 
conditions tliat will make it inipc^s.sihh* for a fungus to live there. 
It may at. oiiC(‘ he said that the best means to secure this end 
would be th4‘ use of a soluti(.)n of ar.senic as a dip or spray, 'riiis 
idea would ap[>eai* tola* borne out by tin* fact that on those 
estates in ^Viitigiia where s|>rayiiig for ticks is the rule, skin 
disease has almost, if not «mtireiy, disappeared. The application 
of arsenical solution by means of a spraying machine is lasting 
and inex[)eijsive, and tin* good (dfects p:)roduced by the absence of 
ticks on spDrayed animals together with tlie p)rohahle prevention 
of skill disease, allbrd arguments whieli slionld induce ownei's 
to combine to secure spiraying. 

Otliei* preventive measures likely to have good eti'ecls are 
improved sanitation of pens, provision of better shelter from the 
sun, and a change of pasture from time to tiuu‘ to ensure resting 
of certain areas of grazing land as long as |.)ossil)le. Overstocking 
should also be prevented ; and it is said that bathing in the sea 
is detrimental. 

AUTOPSY. The post-mortem appearanc(*s of th(‘ disease are. 
on the whole, negative. The stomachs ai-e normal, and the 
contained food appears to he in proee.ss of normal digestion. The 
intestines and their contained ingesta are also normal. The liver 
is normal and the bilo is clear and (umtains no abnormality. The 
heart, with the exeejition of one cast* oi early endocarditis, is 
normal, and the same may he said of the spleen and kidneys. 
The lungs are usually normal, hut in a few eases have hetai seen 
to harbour the parasites of boose, and in one ease the base of tho 
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left lung sliowed a mottled appearance. The serimi cavities are 
normal in appearance and do not contain any abnormal fluids 
The lymphatic glands are cong€*.sted and enlarged, and a clear 
fluid escapes on incision. Tliis fluid does not, however, contain 
any abnormality, and seems to be of a dropsical nature. The 
blood appears to be darker than normal, and dirty ; it however 
clots well with a normal serum. 



REVIEW OP TEN YEARS’ WORK OP THE 
ANTIGUA SUGAR PACTORY, 
(GUNTHORPES). 

JiY FRANCIS WATTS. D.St:., F.I.C., F.C.S.. 

Imperial O^mmissioiier ol* Agriculture i‘«>r the West Indies. 

As lias heeii already stated in this .Journal, Tlie Anti'^ci 
('entral Su^ar Kaetory at Gunthorpes was planned in lh(K> anf 
reaped its first crop in lllir:. Jt had its origin in a series o 
agreements het-wetai a gr(»u[) of owners of sugar estates air 
a Company iorji^UMl in London. l<nderthese tlie Company agree( 
to erect and work a sugar factory capahle of making not les^ 
than 3,dOU tons of sugar in a season of UWt working days, an< 
the estates’ proprietors agreed to siijiply tlie canes from staler 
numbers of acres for a period of fifteen years. They were U 
receive as a first payment for their canes the value of LI It), 
of 9t>'‘ sugar for evtny I (HI lb. of canes, and at the end ol 
each season they were to receive a further payment resultin<j 
from the division between the cane suppliers of one-half tlu- 
prolits of the factory after proper charges had la^eii made foi 
working expenses, interest and sinking fund. Should the prica 
of sugar be such that the first payment on the l.l lb. basi'- 
failed to reach IDs. per ton of canes, then the first payment wa^ 
to be made up to that sum at the close ol the season before aii} 
division of profits. 

The sinking fund was planiu*d so as to redeem the eapita 
in a period of lifteen years. As soon as this is etlected there ar( 
to be issued to tlie Contractiug Estates l^roiunidtirs shares in tlu 
factory equal in number to t1n» o^aginal shai es of tlie Company 
so that wlieii this happens the Coiitraeting I’riiprietnrs cjoim 
into possession of shares equal to half the factory. 

To aid this scheme, the Government, out of the residue o 
the Imperial Graut in-aid of the Sugar Tiidustry, gave a aiuii o 
£15,00(1; this was givaui free of interest and appears in tin 
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accounts of the Company as giving rise to the B shares and 
B Debentures. This sum, which is in the nature of a free 
grant, is regarded as a Government lieu on the factory vvliich is 
diminished by the amortization, without payment, of £1,IX>0 in 
each year, so long as tlie factory propeid}^ fulfils its contracts. 

As with the close of the crop of BU I this factory comjdeted 
its tenth crop, it will be instructive to review the situation in 
order to see how far it lias fuHilled tlie hopes of its promoters 
and what delinitc lessons can be learned from it towards the 
solution of the long debated central sugar factory problem. 

At the time when the factory was inaugurated very vague 
ideas prevailed in these islands as to tlie cost of erecting and 
working a modern factory, and as to the output of sugar that 
would result from the canes when dealt with by effective modern 
machinery ; various conjectures and speculations were current 
but none of them had any foundation in local experience ; planter 
and capitalist alike were (diary of embarking on new ventures^ 
when the underlying facts were vague ami uncertain. The 
importance of obtaiwing definite knowledge and c^f encouraging 
progress warrantc^d the Government's interest in the venture. 

An account of the origin and early stages of the factory’s 
progress was given in the \Ve,st Indian Vol. VI, p. titi, 

and thjs was supplemented by some aecount (3f the first three 
years’ working Iw a further article in Vol. IX. p. 711. 

As will l)C* seen from these articles, the factory was originally 
intended to manufacture about 3.00U tons of sugar in a s(‘:ison. 
It soon became apparent that with moderate additions to its 
machinery it could be made capable ol turning (nit more tlian 
that, wliile there arose on tlie pnrt of the owm^rs of neiglibouring 
estates, which at the outset remained outslfle the 8ehem(% 
a steady demand to be allowc^d to have their (?rops dealt with by 
the factor^^ In consecpiemre of tlii.s, the history of the factory 
has been one of continuous growt.li with repeated additions to 
capital and niachinerv, making it somewhat difficult to unravel 
the information desired from the published balance sheets of the 
Company. 

The origin 1 1 equipment of the factory is given in thelir.st 
of the articles above quoted, and may bo briefly suminariz<d as 
follows :— 

Twoo-roll(ir mills 6(1 x d(i inches driven by om^ engine having 
a cylinder 26 inches in diameter and a stroke of 1 feet. 

Two juice heaters each having 50U feet of heating surface. 

A triple effect having about 1,600 square feet of heating 
surface. 

Two vacuum pans each capable of .striking 15 tons of masse- 
cuite or about 10 tons of dry sugar, and having a heating surface 
of 450 square feet. 

Five 36 inch centrirugals and accessories. 

Six second sugar crystallizers fitted with stirring apparatus. 

About 6 miles of railway. 

Two locomotiv^es. 
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Together with the necessary buildings, laboratory and rolling 
stock. 

The eqnipment of the factory at present is as follows :— 

One train of mills composed of one Krajevvski crusher driven 
by separate engine, having rolls 21 x (50 indies, engine 18 x 20 
inch stroke, followed by four 2-roller mills 20 x Ol) driven by 
two engines having cylinders 2(5 inches in diameter and a 
stroke of 4 feet. 

Four juice heaters, two liaving 500 s(juare feet eadi and 
two 600 S(juare feet of heating surface each. 

Two triple elleets having 4,000 scjuare feet heating surface 
each. 

One vacuum pan, calandria type, having 1,100 s(|nare feet 
heating surface, capable of striking 20 tons massecuile or 20 tons 
diy sugar. 

Two vacuum pans having 450 square feet heating surface 
each, capable ot striking 15 tons massecuite or 10 tons dry 
sugar each. 

Nine crystallizers holding 15 tons massecuite, with stirring 
gear. 

Ten water driven centrifugals 26 inches diameter. 

Twelve belt driven ,, 2(5 „ ,, 

Two belt driven ., 21 ,, 

Eighteen miles railway, 2 foot 6 inch gauge 

Two locjomotivcs, 11 tons. 

Tliree locomotives 7 5 tons. 

Rotary furnace feedei*s. 

Rotary sifters for sifting sugar from elevators. 

Grasshopper conveyors, underliuiig type, for conveying 
sugars. 

Separate engine for cane carrier operate I Irom first mill 
])latform. 

Reversing cane-hauling engine for hauling trucks under cane 
i*‘ikes. 

Cane rakes in place of manual lalioiir. 

Th lee Babcock and Wilcox water tube boilers, 5.7(51 stjuare 
feet heating surface t'acli. 

Two dry-air vacuum pumps and Torricilleau c-ondensers. 

Willi this increase in etpiipment there has been a steadv 
increase in the crops of sugar prtdneed and also an incrose in 
the working capital re(piire(l by the Company. 

The amount of sugar produced each year, to a large extent, 
measures’this progress : it has been as follows : — 


1905 

1,621 Ions 

1916 

5.390 tuns 

190(5 

2,219 „ 

1911 

5,172 „ 

1907 

1,221 „ 

1912 

0.2.30 „ 

1908 

. 1,(596 „ 

1912 

7.337 .. 

1909 

2,995 „ 

1911 

9.131 


Various items of importance in eonnexioii with the linancial 
side of the factory are set out iu Table 1. The first thing 
recorded is the cost of the factory which, it is seen, has grown 
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greatly from year to year. The original cost of the factory and 
railway with its accessories was £45,358 14«. ; to this nnist 

he added the sinn required as working capital. The total 
capital i*e(juir(*d at the outset may therefore be taken at sonie- 
thing in the neiglibourhoud of £50,000, which was felt to be 
too small. In the third year additions were made to the 
factory involving a capital outlay of £1,500 together with a 
further capital outlay of £1,800 in extending the railway; a 
total of £3.300 being thus added to the capita] value of the 
factory. 

Further substantial additions were made in each succeeding 
year, the progress of these being indicated by the increasing 
capital value of the factory year by year as shown in Table 1 
until, as appears in the balance sheet for 1914, tliere has been 
spent on extending the factory and railway, in addition to the 
original sum of £45.358 l l.s. 9rf., the veiy considerable sum of 
£57.002 9 n. 8d. making the total capital value of the factory 
£102,901 4.S. bd. 

In addition to this outlay piovision had to be made for 
working capital. The additional capital recjuired for construe* 
.lion and working has been obtained partly by investing in the 
factoiy a portion of the shareholders’ profits, and partly by 
the issue of £20,000 debentures for which a special sinking fund 
has been created, such a sum being set aside annually as will 
permit of the redemption of the.se debentures simnltaneonsly 
with the redemption of the original debentures, nauielv, at the 
cl(,.so of 1919. 

The share liability of the Company may be stated as 
follows : — 

£ £ 

12,5 0 A shares fully paid up ... 025 


,500 

B 

shares 

625 

1,250 

250 

J5 

A 

B 

deben tures £1 f 10 eaclr 
debentures £1,000 each .. 

. 25,000 
. 15,000 

10,000 

40 

C 

debentures £500 eacli .. 

. 20,000 

20,000 





£01,250 


In addition to this share liability there are (*ertain borrow¬ 
ings of nndistribnt.ed protits to the extent of £9,420 together 
with cer tain sums employed as working capital. 

8nb.3tantial progress has been made towai*ds meeting these 
liabilit ies; the last issued balance sheet, a copy of wliich is 
appended, shows that amortizations have taken place to the 
following extent : — 

A debentures paid off.. . £12,000 

B debentures cancelled ... ... ... 9,000 

C debentures paid off ... . 6,750 

Reserve Fund . 3,000 

Sinking Fund for Debentures and Additions 19,250 


£50,000 
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It will thiifl be seen that, altliou|y}i tlie greater part of the 
Company's liabilities have bc^en incMirred diii'iiig the latter half 
of its existejiee, substantial provision has been made to 
meet these liabilities and tliat about halt of the C'ompaiiy's 
liabilities are ali-eady pi'ovided for. There is thus goo<l reason 
for expeeting that tJie intention of the promoters to extinguish 
the liability by the end of wdl be aec.omplislied. 

The factory may therefore be regard( m 1 as in a very siiuud 
tinaneial position. 

We may next (consider what prolils have accrued to tlie 
shareholders and what has been paid to the su|)pliers of canes. 
Th'i necessary data are given in Table 1. 
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18,(3(51 7 10 I (S.(»r2 IT 1 2,359 4 8 I 34,113 9 
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It is seen that during the ten years a total of £l3,6hl 7«. 10c?. 
has been paid in debenture interest ; this, taken at its average 
annual rate dui’ing tlie ten years, represents an interest of 5 j^er 
(jent., on a sum ot' 1^27.322. This may be regarded as a very 
reasonable amount whcm the (,*apital valu(‘ ot the I'aetoiy is 
taken into aeeountr. 

The chai-ges for interest for ad<litional (iapital have amounted 
in the aggi*egate to £0,(112 Hn. Id., and this too may regarded 
a niod(‘i‘ate sum. 13ie loss on (*xehange during the ten yeais 
has amounted to £2,350 l.s. 8d. • 

It is evident that no extravagant, sums have been paid to 
capitalists on interest atxjount ; tin* cane suppliers’ intere.sts have 
been carefully (jonsidered in this n*spect. 

I Payments made to the A shareholders, representing half 
th(‘- profits of the factory, amount during the ten yeai*s to 
£3 hi 13 Its. Id. 'rh(‘ investors hav(% therefore, reaped a sub¬ 
stantial reward for their enterprise. It is important to remember 
tiuit an e<|ual sum has betm paid to the B shareholders, that is 
to the Original Oont i-acting Pi-oprietors, who first entered the 
schtmie, who ]iav(‘ received £31,113 by way of bonus additions to 
the weekly ])ri(*o ])aid for oan(*s \"ery (‘onsiderable sums by 
way of profit sharing havo also b^Mui paid to tho.se suppliers 
of canes wl»o subs(Mjueiilly attached tliemselves to the factory. 
In addition to tins tliere have bfcn ctuMain sums paid to the 
i)riginal (’ontracting l*roprieioi*s to l>ruig the payment for 
cantos up t() l(Ks. ])er ton before <Iivision uf profits, when the 
prict‘of sugar in\'olved a lower original j»aymeut than Kts. The 
earnings of 1 he factory by uay of ptofit liave bt*en snl)stantial 
and sarisf ietory. and ft'oui tla* foiegoing it. would s(*em that tlie 
interests of tla^ (doutraeling Ti'oprielors lia\e been well ser\aal. 
as ba\ t‘ bt‘eu thos<» of tlte Inv(\stiug (Capitalists. 

Certain fiirtluu’ data are si^t out ni Table II. which sliows the 
<jmnttit\' of eanes ernslied, tin* <|ii.intity of sugar made, tlu* t<)ns 
of cant‘s n*<|nired to make I ton of sugai*. the p(‘r(*(*ntage of 
marketabh* sugar obtained fj*om thecaiies, tlie cost of niaim- 
facture and its equivalent in It rins of sugar pel* lOd ])ai*ts of cane 
and, (inally. t he net priet* per ton in Antigin reili/ed by the 
sugar. 



Table H.—The Antigua Sugar Fautobt. 
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From this table it will be seen that in the ten years 477,668 
ions of eanes have been ornshed yielding 50,474 tons of sn^ar, and 
that, on the average, 9*16 tons of (?ane lmv(* he('n required to make 
1 ton of su^ai*: 10*57 per c^ent. of suj^ar liaving been olitained 
from tlie eanes. Th(‘ amount of su^ar obtained from the canes 
has varied within (jertain iiarr(»vv limits, bein^ highest- in 1910 
when a ton of s\i;»*ar was made from 8 9t» tons of (%‘ine, or 11*16 
tons of su^ar p(‘r cent, from the (;anes, and lowest in the year 
1906 when lt)*5l tons of cane were refpnred to make a ton of 
su|;ar or a yield of 9'52 per cent. The reasons for these variat ions 
will be considered later when inatt-ers relating to manufacture 
are being discussed. 

Attention may now be directed to various points connected 
witli the manufacture of the sugar. The annexed Table III 
sliows the annual expenditure incurred in working the factory 
and the railway and also tlie administration charges, whicli 
iiK^lude such things as Directors’ fees, travelling expenses, 
stationery, telegrams, postage, etc. From these tliore Jiave been 
abstracted the amounts paid in factory salaries and wages, in 
repairs and maintenaiufe, and for fuel. 

The cost of manufactuiing the sugar, exclusive of interest 
charges, has ranged from £2 ll^f. 6r/. per ton in 1907 to 
£8 14.S. old. in 1911. This (piestion will have further consider¬ 
ation when dealing with the facts cited in Table III. Tlie net 
pric‘e realized for sugar has ranged fiom £8 4.s. Hd. per ton in 
1906 to £18 5.S. 8d in 19 12. 

It may be interesting to record the receipts from the sale of 
molasses : these have been as follows : — 

Year, A'alue of molasses sold. X’^alue per t on of sugar. 


1905 


£ 

1,685 

s. 

4 

d. 

1 

£ s 

1 0 

d. 

8 

1900 


1,282 

12 

U) 

10 

6 

1907 


1.285 

1 

9 

5 

10 

190S 


1,878 

8 

8 

7 

11 

l'.K)9 


8,285 

12 

7 ! 

16 

1 

6 

1910 


2,56)9 

11 

9 

i 9 

1 

6 

1911 


:J,198 

•> 

»> 

8 

i 11 

9 

1912 


, :4,642 

10 

11 

11 

9 

191:] 


8,027 

19 

9 

8 

8 

1914 


2,194 

I 

8 

0 

4 




28.939 

11 

. 10 

true avera>i;e 

9 



Table IL—The Antkjva Sugab Fa(,tort. 
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From this table it will be seen that in the ten years 477,668 
ions of canes liave been crushed yielding 50/174 tons of sugar, and 
that, on the average, 0 tons of cane, have been recjuired to make 
L ton of HugHi-; 10*57 per cent, <)f sugar having l)een obtained 
from the canes. The amount of sugar obtained from the canes 
has varied within (jertain narrow limits, })ei}ig highest in 1010 
when a ton of sugar was made from S OtJ tons of e*ane, or 11*16 
tons of sugar p(*r cent, from the (;anes, and iow(‘st in tlie year 
loot) when 10*51 tons of cane were recpiired to make a ton of 
sugar or a yield of 0 52 per cent. The reasons For those variations 
will he considered lat^u* wlien matters relating to manufacture 
ai*e being discussed. 

Attention may now he directed to various points connected 
with the manufacture of the sugar. The annexed Table III 
sliows the annual expenditure incurred in w^orking the factory 
and the railway and also tlie administration charges, which 
include such things as Directors’ fees, travelling expenses, 
stationery, telegrams, pt^stage, etc. From these there have ]>een 
abstracted the amounts paid in factory salaries and wages, in 
repairs and maintenance, and for fuel. 

The cost of manufactuiing tlie sugar, exclusive of interest 
(iharges, has ranged from £2 14s. 6d. per ton in 1907 to 

14.S. Mid. in 1911. Tliis (piestion will have further consider¬ 
ation when dealing with the faids cited in Table III. The net 
pi-iee I'oalized for sugar has ranged from £8 Is. Hd. per ton in 
1900 to £VA 5.S'. M in 1912. 


It may he 

interesting 

to record the reeei]>ts from the sale of 

m(»lasses: t h<‘s< 

» have hoeii 

as 

follows : — 



Year. 

A'alue of 

molasses sold. 

\\aliie pel* ton 

of sugar. 

i 

£ 

s. 

d. 

£ s 

d. 

1905 

1,085 

4 

1 

1 0 

8 

1900 

1,282 

12 

Itt 

It) 

0 

1907 

1,285 

1 

9 

5 

10 

1908 

1.878 

8 

8 

7 

11 

1909 

8,285 

12 

7 

i 

10 

1 

6 

1910 

2.569 

11 

9 


6 

1911 

8,198 

«> 

o 

8 

i 

I 11 

1 

9 

1912 

; 8,t>42 

lit 

11 

11 

9 

I9i:i 

1 

8,027 

19 

9 

8 

8 

1914 

2,194 

8 

0 

4 

oc 

i 

j 

I 



true average 


28,989 

11 

. 10 

1 0 

5i 



Generally speaking the receipts from the sale of molasses 
have been (ionsiaerable. 

Seeing that tliere is an increasing tendency to discuss sugar 
problems in terms of the output of sugar per 100'parts of cane, 
it is interesting to see what the cost of production amounts to 
when calculated in terms of sugar pei* 100 parts of cane; 
aecoixiingly a column showing this is given in Table II. This 
colnmn shows that the cost of manufacture of the sugar from 
lOO parts of cane has been such as is equal in value to an amount 
of sugar equal to 2*52 per cent, of sugar in 1905. up to 3*83 per 
cent, in 1914. It is to be remembered that this figure depends 
on the selling price of sugar and will be proportiouatelj^ high 
as the value of the sugar is low. 

By deducting the figure thus obtained from the ligur^ 
showing the percentage of sugar manufactured from the cane» 
the amount of sugar per lOO parts of cane is found that is 
available for paying for canes, for payment of interest on (capital, 
and for profits. 

Taking the first year, 1905, it is found that l0*3l per cent, 
of sugar was made from the cane and that its manufacture cost 
2*52 leaving 7*79 per cent, of sugar of tlm cane to provide 
payment for cane, interest on capital and profits. In the last 
year, 1914, the figures are as follows r Il’Otl sugar made per 100 
cane, 3*83 being the equivalent for cost of Tiiaiiufacturi^. while 
7*17 remains for payments for (^ane, interest .‘ind profit. These 
figures are of service as showing at what rate, in terms of sugar 
per 100 parts of cane, payment (^an reasonably be made for cane. 
This difference is shown for eac-h year in the table : the figure.s 
for several years vary widel}’ and indicate tliat in any factory 
scheme it is prudent to introduce the profit-sharing element 
into the payment of cane : the fluctuations of the figures under 
consideration are too great to permit of a fixed pri(*e, or a fixed 
percentage of sugar to be given over a long period with equity 
to either buyer or seller. 

Reverting to the cciisideratiou of the cost of manufacture: 
in Table Ill, the expenditure is recorded under each of the three 
principal heads, namely, Factory, Railway, and Administration 
Charges. The first of these includes salaries and wages of the 
factory staff, the cost of supplies, including fuel, and of repairs 
and maintenance. In tlie ten years a total of £129,999 r2.s. 3r/. 
has been spent on this head, or an average of £2 1 Is. fid!, per ton 
of sugar made. Similarly the expenses of tlie railway have 
amounted to £25,425 Us. 8d or OJd. per ton of sugar; this 
includes the haulage of canes from the estates and tlie delivery of 
sugar to the wharf. The total outlay for administration charges 
induding Directors’ fees, travelling expenses, telegrams, postage 
and otlier items has been £9,056 18s. 8d. or 3s. Id, per ton of 
sugar. 

The total average charges for manufacture, including all 
these heads, has been £3 bs. l|d. per ton of sugar. 

Some interest having been shown as to the amounts which 
have been- expended on certain items, such as salaries, wages 
aftd repairs and maintenance, the amounts represented by these 
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have been abstracted and are recorded in Table III. It should 
be noted that the wages in cjonnexion with the railway are not 
included in the wages cohimii in this table they are, of course, 
included in the column in the same table showing the expenditure 
on the railway. 

In view of the large exjjenditure in certain years on repairs 
and maintenaiu^e, it would appear not improbable that some 
charges have been entered here which have been incurred in 
work of improvement or in tiie addition of new machinery during 
the year in (piestion. The total charges on the factory side 
for repail's and maintenance amount to £30,829 8.s. 3d., and on 
the railway £17.033 I8s. 8d., the total being £17,863 6.*?. lid., 
which is equivalent to ]8.s. 11 Jd. on each ton of sugar made. It 
is more than probable that a considerable part of this expendi¬ 
ture represents permanent improvements and so increases the 
value of the factory while making the cost of manufacture 
appear high. 

Consideration may now he given to the payments made to 
tlae Contracting Proprietors for tlieir canes. As stated above, 
the Original (>)ntracting IVoprietors received as a first payment 
the monetary equivalent of 4A It), of sugar for every 100 Ib. of cane, 
and finally, by way of bonus, an amount proportional to half 
the profits made by the factory. Those participants in the 
scheme will also receive, so soon as tho A debentures are paid 
ulb shai’es c(|ual in number to those of the A shareiiolders. 

Soon after tlie faeturv started additional contracts were 
made with New C^)ntracting T*i*oprietors who agreed to suppl\^ 
ctanes on the basis of the value of 5 tl». of sugar per lOO 11). of cane, 
and hall profits. These participants clo not receive any share 
in the ultimate ownership of the faetoiy. 

1 am informed that arrangements have been made with 
regard to the eontimiation of the contracts for cane supply at 
the expiration of the time covered by the original contracts, 
which are in force up to the completion of the ci*o[) of 1919. In 
1920 and onwards it is understood that all canes, both from 
Original and from New Contrac^ting Proprietors will be paid for 
on tile basis of o.i per (‘cnt. plus half ]>rotits. With the reduced 
charges which the factory will then have to meet, the half 
profits should pi’ovide for substantial additions to the first pay¬ 
ments. The <)riginal Contracting Proprietors will derive 
additional benefit from their participation in th^ shares of the 
factorv. 



Cost of MaDiifacture. 


«8 





Tota] true average cost of manufacture of I ton sugar £S 5 . 1 







Table III. (CoMc«M<ied.)-THE Antigua Sugar Factory. 


59 




0 

•p 

o 


X 

o 


© 

© 

© 

o 

OI 


o8 

. flc 

o 

t>. 

o 

o 

Oft 

X 

X 

© 


to 



CD '— 





ro4 





f-«t 


*"s 


»o 


CO 

CO 

oj 


to 

04 

o 




io 



1- 

X 

X 

X 

X 


© 


Ph 


OJ 


rri 

to 

to 

to 

© 

X 

© 














» 




























Tl 

cc 

o 


20 

t- 

rt^ 

CO 

© 


t- 
















. GG 

lO 

:o 



CO 


to 

1— 

© 

t’- 


3 

00 



1M4 


fH 





♦>H 




Ci 

to 

o 


CO 

© 

© 

X 

X 

o 



W CO 

CO 

X 

o 

CO 

CO 

1- 

1- 

CO 

© 

04 


^ CO 



CO 

GO 


© 

o^ 

©^ 


1^ 












of 

QC 

HD 

y 

?5 

•-< 

o 

to 


X 

© 

© 

rf 

o 

X 

C 

ee 

fi u 
sa 

. 

X 

o 

o 

40 

o 


X 

© 


X 

$e g ^ 

00 

***^ 





•— 





.5= 


CO 

lO 

o 

X 

to 

o 

to 

o 

© 

© 

X 

S.S g 

Crt GO 

o 

lO 

lO 

CO 

t'» 

X 

o 

X 


X 

1-H 

w 


GO 

a 

X 

© 

1- 

04 

©^ 

© 


c 








CO 

04 

of 


Ph 

c 











»-H 

ns 

0) 

V 


l'- 


Cft 


X 

04 

X 


X 

X 

iS 

Q • 












03 

otS 

. o 

Ci 


X 


-?r 

CO 


1.0 

04 

X 

« 

S O 

00 




‘— 




1“ 

— 


i- 

a; 5 
'S 


X 

CO 

X 


OI 

to 

X 


04 

© 

*5 


o 

o 

04 


1 

X 

© 


to 

t.-^l 

CL<S * 

<D o8 

1 os S 


CO 

CO 

tf^ 

!N 

c: 

x^ 

l.O 

©^ 

CO 

x^ 



7* 

04 


OJ 

CO 


T|f 

©" 

o' 

X 

1 s 

• 













ft- » 

0j,fi Wi 

CO 

X 

l- 

04 

CO 




o 





o 

T* 

<N 

CO 

X 


© 




u 

SP .£ 

6 

6 

X 


(N 

6 

04 



© 


00 


*"* 












-d^' 




CO 

04 

X 

o 

o 

X 

X 




l»H 










o f 

w 




o 


-4< 

X 

X 

X 

© 


^ tiC 

CD 




*“ 








O eg 

CO 

(M 

o 

X 

Cft 

CO 


X 

04 




«♦? oa 

X 

Oft 

Cft 

!0 



OJ 

to 




00 

*— 

l'- 

CO 


<» 

CO 

© 

o 


l>- 





t-ir 

of 

oT 

of 

CO 

CO 



©" 













04 

1 


CO 

Si 

o 



CO 

OI 

OI 

X 

OI 


?c« ^ 

^ .S 

:N 

cp 

o 

to 



cp 

X 

to 

tp 




fH 

t^ 

t- 

o 

X 

6 

© 

X 



& 


fH 

T— 



1-H 









^ «-N 


Cft 



X 

I'* 

© 


© 

© 






T- 







1-H 


t>4 V 

I'S 

. X 

CO 

vO 


CO 

04 


© 

l'» 

X 



CO — 












o j2 

O 

OJ 

to 

to 

to 


© 

X 

© 

to 

X 


«tjg 

I'* 



CM 

OI 

o 

© 

OJ 

X 

04 

CO 

4f^ 


o 

OJ 

© 

o 

T—t 


to 



rH 




3*4 

04 

CM 

X 

X*' 

CO 

of - 
OJ 



i lo 


I— 

X 

Oft 

© 

?H 

0] 

CO 





s 

o 

Oft 

s 

§ 

s 

© 

© 

rH 

© 

© 




1 ^ 

9 ^ 




f«l 








CO 

Tablb IV.—Canes Pokchaskd. 


Year. 

Original 

conti’actiiig 

proprietors. 

New con¬ 
tracting 
proprietors. 

Peasants. 


Tons. 

Tons, 

Tons. 

1905 . 

15,331 

344 

182 

1906 . 

18,895 

3,970 

J,8ll 

1907 . 

28,046 

8,889 

1.047 

1908 . 

26,912 

12,905 

3,243 

1909 . 

20,577 

14,646 

2,062 

1910. i 

24,066 

20,712 

3,542 

1911. 

22,507 

29,398 

3,211 

1912. 

21,228 

32,478 

2,661 

1918. 

23,374 

11,880 

2,095 

1914. 

26,355 ! 

53,751 

2,924 


230,294 1 

221,773 ; 

k5,781 


! I 

I I 

Total 477,848 tons. 


The progress of the faetory and the lines of its <levelopnient 
are indicated to some extent by the increase in the supply of 
cartes and the sources from which the}’' are derived. Talile 
shows the quantity of canes received by the factory each years 
and the relationship of the suppliers to the factory itself. It 
will be seen that the quantity of canes coming from New Con¬ 
tracting Proprietors has steadily increased until in liill and 
subsequent years tlie supply from this source has exceeded that 
from the Original Contracting Proprietors. Some stimulus has 
been given to peasant cane growing, but the combination of 
drought and low prices over the greater part of the time has 
greatly hampered this development. 
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Table V.— The Antigua Sugar Factory. 


Year. 

Price of 

sugar. 

The original 
contracting 
proprietors. 

Equal to 
Price paid lb. sugar 
per ton per 100 
cane. ft), cane. 

New con 
propri 

Price paid 
per ton 
cane. 

tracting 

letors. 

Equal to 
lb. sugar 
per 100 ft), 
cane. 


£ 

8 

d. 

s. 

d. 


8. 

d. 

i 

1905 

£12 

15 

5 

11 

1 

5-50 




1906 

8 

4 

8 

7 

5 

! 4-23 




1907 

9 

It) 

0 

12 

3 

1 b'25 




1908 

11 

15 

9 

15 

11 

6-75 




1909 

10 

7 

5 

; 14 

0 

G*75 




iOlO 

12 

lb 

8 

18 

u 

7*07 

11 

b 

5 bb 

1911 

10 

11 

5 

, 10 

10| 

514 

12 

2 ' 

5*7b 

1912 

13 

1 

5 

3 

lb 

m j 

6*37 

15 

lOi 

5*99 

1913 

9 

8 


11 

! 

5-99 

10 

8 

5*65 

1914 

9 

1 

b 

11 

31 

b-22 

10 


5'80 


In Table V there in stated the price ot sugar for each year 
together with tlie aiiiount paid per ton for canes and also" the 
equivalent of tliis amount in tonus of sugar per lUO parts of cane 
Tliese statements are made in respect to tlie Original and New 
C'>ntracting Proprietors. Inspection will show the extent to 
which these benelited in each year in excess of the 4A and 5 per 
cent, of their contrac-t payments as the outcome of the half 
protits. It will be realized that the bonus additions have usually 
been substantiab though in 19tMJ the additions were small, the 
total protits in that year amounting only to £382 or about 4d. 
per ton of canes, all of whitrh went to the cane growers. 

[u considering the payments made for canes it is to ]>e 
remembered that the railway transport expenses are paid by the 
factory, the prices paid being for canes delivered into the 
factoiy’s trucks. In laying mit the railway efforts have been 
made to place loading stations as favourably as possible on the 
Conti’acting Pj‘oprictors' estates. 

In addition to reviewing the financial aspect of the Factory 
it will be useful to consider the manufacturing side and to see 
what has been the character of tlie canes handled and how the 
Factory has de.alt with them, tlr^se questions being amongst the 
most important in considering factory schemes and concerning 
which data were so largely lacking that, in the early stages of 
the history of the factory, many unproved assumptions had to 
be made. 

The salient points forjudging the work of the factory are 
epitomized in Table VI. 



Table VL—The AxTioirA Sugar Factory. 
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TH& ANTIGUA 8UGAB FACTORY, LIMITS IX 
Balancb Sbbbt, Skftbmbibr 30, 1914. 
LlABIUTIEa 


To CRXDITOBS— 

Agents. 

Sundry. 

Planters 

“ A ” Shareholders 


£ a d. 

9,116 10 5 
2,341 2 8 
5,686 2 1 
12,544 15 5 


To 8HABB CAPITAL— 

12,500 “A ” Shares, Is. each, 

fully paid. 

12,500 “B" Shares, Is. each, 
fully paid. 


625 0 0 
625 0 0 


To BKBBNTUBES— 

130 “A" Debentures, £100 each 13,000 
6“B” „ £1,000 „ 6,000 

26 “C ., £500 ,, 1 q 250 

1 “C” Debenture £250 „ / 


0 

0 


0 0 


To AM0RTIZATI0K8— 

“ A ” Debentures paid off ... 12,000 0 0 

“B” „ cancelled ... 9,000 0 0 

“C” „ paid off ... *6,750 0 0 

Reserve Fund. 3,000 0 0 

Sinking Fund for Debentures 

and “ Additions... 19,250 0 0 


£ 8. d. 


29,688 10 7 


1,250 0 0 


32,250 0 0 


50,000 0 0 


Assets. 


£118,188 10 


BT cash IM HAND IH ANTIGTTA ... 11 1 8 

Bt debtors . ;. 1,343 17 5 

Bt stocks and stores, materials 

AND SPARE PARTS . 8,872 7 1 


7 


d. 


By factory and railways— 

ORIGINAL CAPITAL EXPBNDI- 

TTIBB . 45,358 14 9 

additions TO SEPT. 30. 1918, 

as per last Account ... 54,079 15 2 
EXTENSIONS IN FACTORY 1613- 

1914— . 3,522 14 6 


10,227 6 2 


102,961 4 5 


£118,188 10 7 


*ASt>250 Poibenturet *ino« paid making tho amount 

ootsttndliig £11,000, and wo amount paid off £0,000. 

T. Dv BUI8SON, \ 

OBO. MOODY STUART,/ 

OBO. H. &LLINOHUR&T,. Secretary. 
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The purity of the juioe recorded in the table is that of 
diluted juioe: it is recognized that the purity of*the juioe 
exercises great influenoe on the working of tne factory and 
largely aflPects the recovery of sugar. In the first year the purity 
was high ; this was in some measure due to the fact that the 
canes were of good wality while the crushing was effected only 
by a 6-roller mill. The low purity of the following year reflects 
the poor quality of the cane dealt with, for the mill remained 
unaltered : the season was one of extreme drought of an intensity 
greater than had been known for thirty years. The low purities 
of the later years under review may be attributed to two causes, 
namely, a series of years of drought causing the canes to be 
inferior, and to the increased number of rollers in the mill which 
from 1911 onwards has been of the 14-roller type. 

The character of the canes may be judged to a large extent 
by their contents of sugar and fibre. On the whole, the canes 
have not been as good as was expected they might be when the 
factory scheme was first promulgated. This is mainly due to 
the fact that, on the whole, the seasons have been unpropitious 
during the greater part of the time the factory has been in 
operation, drought has been experienced year after year. 

The first two seasons 1904-5 and 1905-6 were periods of 
extreme drought: 1906-7 is described in the Directors* report as 
favourable and the succeeding year as not unfavourable : 1908-9 
is referred to as most unfavourable and 1909-10 as normal. The 
three years 1910-11 to 1912-13 were years of extreme and disas¬ 
trous drought, while the final year under consideration, 1913-14 
was a year of moderate rainfall but with an irregular distribution, 
some estates having a good rainfall while others suffered from 
a deficiency. The ten years under review must be regarded 
as being, on the whole, aifficult ones for cane growers, and not 
calculated to produce cane of fine quality. 

The quantity of sugar contained in the canes is high 
compared with that found in many countries, it has been about 
14*3 per cent, over the greater number of years ; in the first year 
it was higher but in the last two years, owing to bad seasons, it 
has been much lower, falling to 12*9 in 1913 and 13 5 in 1914, 
two very trying years. 

What, however, is most noticeable about the canes is their 
extremely high fibre content, exceeding 15 per cent, in every 
year up to 1911 while in the last three years it has been 17*5: 
17*7 and 16*6 respectively, these are remarkable figures. A high 
fibre content in the cane greatly increases the difficulty of getting 
out the juice by the mills and it is obvious that Antigua produces 
a class of cane which is extremely difficult to deal with in 
imperfect mills. It is estimated that even a good three-roller 
mill would not extract more than 47 or 48 per cent, of juioe from 
canes containing 17 per cent, of fibre, whicn would be equivalent 
only to some 62 per cent., of the sugar in the cane, whereas the 
mills now in use are extracting some 90 per cent. These facts 
go far towards explaining the difficulties under which the 
muscovado sugar industry has laboured in Antigua and, while 
it may be admitted that the ten years under review have 
been, on the whole, exceptionally hard ones, it remains true 
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that in the absence of a factory the canes would have had 
to be dealt with by imperfect mills, some of them very poor, and 
the geneml results to the island would have been disastrous. 
‘This consideration of the advantage which the factory has been 
to the island is deserving of emphasis. 

The character of the work done by the mills may be measured 
to some extent by the proportion of sugar extracted in the juice 
for every 100 parts of si^ar in the canes ; this figure is recorded 
in the sixth column of Table VI. The 6-roller mill of the first 
two years succeeded in extracting 81*7 and 82*7 per cent., then 
follows a series of years when the figure rises to something over 
84 and under 80 : this period, except the year 1912, corresponds 
with that when the factory was equipped with a 6-roller mill 
and a Krajewski crusher, in eflfect an 8-roller mill. 

During the last four yeara the factory has been provided 
with a I'J-roller mill. Owing to various circumstances the work 
of 1911 and 1912 was poor and the recovery of sugar per 100 of 
sugar in the juice was no better than in the four previous years 
before this improvement in the mills ; in 1913 and 1914, however, 
substantial improvement is noticed, the recovery rising to 91*1 
and 90*6 per cent. 

Measuring the work of the mills by the proportion of sugar 
extracted fails to discriminate between the work done on canes 
of varying fibre content, and, as shown above, the fibre problem 
is one of the main features of the Antigua work. Some method 
was therefore sought by means of which the work of the mills 
could be more accurately judged, regard being had to their 
mechanical efiiciency as ci*ushing machines without regard for 
the moment to their sugar producing capacities To this end 
use is made of the method of calculation suggested bv the 
Factory Chemist, M r. J. Lely, whereby there is estimated the 
amount of juice remaining in the megass, reckoned in terms of 
100 parts of fibre. This form of calculation has been found 
most valuable and has been largely responsible for the good 
work done in late years by the mills in the Antigua Factory in 
circumstances of particular difficulty caused by the very unusual 
quantity of fibre in the canes dealt with. 

The results calculated in the manner referred to are recorded 
in Table VI. In the first two years the quantity of juice lost 
in the megass was 92*2 per 100 parts of fibre in 1905, rising to 
103*2 in the following year. In 1907 the loss is reduced to 80*4 
and in the four succeeding years it is brought down fairly 
consistently into the neighbourhood of 71. This period marks 
that ill wdiich the Krajewski crusher had been added. These 
figures indicate more plainly than those discussed the improve¬ 
ment effected in the work of the mills and give a useful indication 
of the use and value of this form of calculation in mill control. 


xoTs.~.From the foroeoing it is calculated that when cane containing 
16 per cent, of fibre is de«3t with the iiicrea'-ed output that may be expected 
when a Krajewski crusher is added to a fi-iollei mill is about 4*8 iiei cent 
When a further addition of six rollers is made, making the mill one of 14 rollerb 
the increase is about 12*5 per cent* 

The increase on obaoflrinfir from the 8-roller to the 14-roUer mill is about 
7*8 per cent. 



Considerable furtlier improvement is notioeaUe in the 
figures in this oonnexion for ihe last three years, when the 
lost juice is reduced to 591 in 1912, 36*6 in 1913 and 42fi in 
1914b The mill work of these last three years may be regarded 
as extremely good, the results being much more accurately ludged 
by means of this form of calculation than they are by having 
regard only to the quantity of sugar expressed per 100 of sugar 
in the canes; without this form of calculation the extent of the 
improvement in the mill work might have been largely masked 
by the difficulties introduced into the work by the abnormal 
quantity of fibre in the canes. 

It has been thought well to dwell upon these points because 
the work of the Antigua Factory has been particularly instructive 
in oonnexion with this question of fibre ana the records have also 
been extremely instructive in showing to what a large extent 
fibre may exist in the canes of a dry country where ratooning is 
practised. It is now recognized that the question of the quantity 
of fibre in canes is as important as that of the sugar content when 
planning sugar factories, or when comparing the results of one 
district with another. 

The high fibre content of the Antigua cane has justified the 
introduction of the 14-roller mill and the use of heavy maceration. 

With the introduction of the 14-roller mill the use of water 
for maceration was greatly increased, while this has resulted in 
an increased recovery of sugar it has also resulted in increased 
expenditure for fuel. While calculations show that this expen¬ 
diture on fuel to compensate for increased maceration has been 
justified, it has all along been felt there was room for improvement 
in the factory in connexion with the steam production from the 
megass ; it is satisfactory to note that improvements have been 
recently elfected which have resulted in marked economy in 
fuel, these results do not, however, affect the period under review, 
but it is anticipated that their effects will be seen in the results 
from 1915 onwards. 

After passing the mills the work of the factory may be 
largely judged by the recovery of the marketable sugar from the 
sugar in the juice. The quantity recovered in each successive 
year is shown in the dghth column of Table VI. The quality of 
the work as thus judged has varied somewhat from year to year, 
it is to a large extent dependent on the purity of the juice but not 
directly, for the puri^ is influenced by a number of factors which 
exert a different influence on the recovery of the sugar; for 
example, while the presence of glucose lowers the purity, it does 
not, if present in moderate amount, inteorfere greatly with the 
recovery of sugar. 

In the first year of the factory’s work the recovery of sugar 
from the sugar in the juice was indifferent but it steadily improved 
year after year until very creditable figures were obtained, 
tbe progress being shown in the eighth column of Table VL 
^ lull the 'recovery was poor, being only 82*2 ; this is attrib¬ 
uted to juice containing an unusual amount of * gum * 
which was In consequence very difficult to work; the recoveiy, 
was somewhat low in the following year also from a similar 
mme but improved in the two final years. It may be said 
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generally that the cane handled by the Antigua Factory, being 
grown for the most part under conditions of drouglit, has been 
dilSoult to work. 

. T^e total recovery of sugar per 100 of sugar in the cane is 
readily calculated from the foregoing data ; this has })een done 
and the results are given in the last column of Table VI These 
results combine the work of the mills with that of the rest of the 
factoiy. The figures reflect the improvements made in the mills 
and in the final years show satisfactory results. 

As the result of this review it may be briefly stated by way 
of summary that the Antigua sugar factory has been eminently 
successful during its first ten years of working and has served 
to demonstrate and place on record a great number of facts 
which are of particular interest and value in connexion with the 
development of the sugar industry in the British West Indian 
islanda 

The history of the factory has been one of continuous growth 
whereby from the 3,000 ton factory originally planned there has 
evolved a factory with a capacity of some 10,000 tons. 

This continuous growth has involved much careful work in 
the way of finance; it has been necessary largely to increase the 
capital of the Company wliich was originally £4'>,00() and now 
stands at some £110,000 ; the original cost of the factory was 
£43,360 while the factory as it now stands repiesonts with its 
railways an expenditure of some £103,0(X), together with some 
amounts which have found their way into annual working charges 
as repairs and maintenance, amounts which probably aggregate 
some £17,000, so that the factory may be taken as costing 
approximely at £120,000. 

There have been some favourable circumstances which have 
tended to minimize the cost of construction connected with the 
factory ; for instance, the expense of erecting sugar stores and 
shipping quays has been avoided as storage and shipping are 
done under contract with owmers of premises in St. John’s, the 
shipping port: in the construction of the railway there has been 
no very difficult work so that the cost for bndges, cuttings and 
embankments has not been unduly high : in the matter of the 
water-supply too the factory has" been reasonably fortunate in 
that it has been found possible to construct ponds for water 
storage at a moderate cost on account of the retentive nature of 
the stiff clay existing near the factoiy: no heavy expenditure 
was incun’ed in acquiring land for the mctory and its associated 
buildings, as an uncultivated site was chosen it was purchased at 
the low price of £5 an acre. All these matters have tended to 
keep down the capital charges. 

Notwithstanding the expenditure of the large sum above 
referred to* the charges for interest have been extremely 
moderate in the aggregate, being £13,661 for debentuie interest 
and £6,012 for interest on other capital. By skilful finance 
the capital has been provided at a yeiy moderate charge 
so that any suspicion that the capitalist might desire to exploit 
the cane grower may be dispelled. 



The amounts ^id to the capitalists by way of profits and 
the half profits under the contracts, have amounted to £84,113, in 
the aggregate during ten years; this may be regarded as reason¬ 
able remuneration for the work done and the risks faced. 

From a financial point of view the factory must be regarded 
as being in a strong position and it is demonstrated that a well 
managed factory, working on profit-sharing lines, is a safe and 
remunerative investment even in times of low prices, provided 
that an adequate supply of canes is assured so that the factory 
may make an out-turn reasonably proportioned to its capital 
outlay, and it is hoped that the working of this factory may 
have made the fact so clear that the dimoiilties experienced in 
obtaining capital for sugar factories in these islands may be 
greatl^^ reduced. 

In the working of the factory itself considerable impi*ove- 
nients have been intixiduced, until at the present time the mill 
work may be regarded as of a very high quality comparing 
favourably with that in larger countries where much skill ana 
attention have been expended on this phase of sugar production. 

The production of commercial sugar at the rate of 10*67 per 
acre or 1 ton of sugar from 9*37 tons ot cane of the quality dealt 
with in the last three years recorded is a good achievement when 
it is remembered that the canes contained over 17 per cent, of 
fibre. 

As regards the Original C* ntracting Proprietors it may be 
said that thev have received relatively good prices for their 
canes, prices wliich represent a fair quantity of sugar per 100 lb. 
of cane, the precise quantities vary ing each year as shown in 
Table V. These contractors are in a fair way of realizing the 
expectations with which they entered into the factoiy scheme and 
as at the close of 1919 they may reasonably* expect the distribu 
tion amongst them of the B sHares which ivpresent one half of 
the factory, they may be regarded as being in a very sound 
position and as having satisfactorily extricated themselves from 
the difficulties inckhmt to the muscovado process of sugar 
making. 
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THB SOILS OF ANTIQX7A* 

BY H. A. XEMPANY, (LOND.), F.I.Cm 

Government Chemist and Buperintendent of Agriculture 
for the Leeward Islanda 

A survey of the soils of Antigua is of peculiar general 
interest, apart from the special local importance which attaches 
to work of this description, by reason of the wide range of soil 
types which occur there in a relatively small compass. 

Such a state of affairs is the natural outcome of the unusually 
complex chai’acter of the geological formation. 

Without entering into minute details, some account of the 
general character of the principal rock formations is practically 
essential to a p!*o{>er appreciation of the relations borne to one 
another by the various series of soil types represented, and the 
following short siiramarv indicates the main points in this 
connexion.* 

The island itself is 108 square miles in area, and is roughly 
triangular in shape ; its greatest length is about 9i miles from 
north to soutli and 12 miles from west to east. 

Physically it f*an be divided into three principal regions : (a) 
the central plain which traverses the island diagonally from west 
to east : this is a region which is generally Hat and at no great 
elevation above the sea-level, but with several isolated hills 
rising to heights of from 200 to 300 feet above the sea : 
(b) the north eastern area comprising the limestone formation 
and consisting of undulating country at somewhat groater 
elevation than the central [ilain. with ranges of low hills ranging 
from 200 to lOO feet above the sea-level, and (c) the south¬ 
western area which is the most mountainous part of the island ; 
this region is volcanic ^in origin and is much contorted and 
convoluted: it (-omprises a number of langes of hills and 
mountains whieli in several places rise to 1,000 feet above s^- 
level, the highest point being Boggy Peak, the elevation of whWh 
is 1,360 feet. 

The oldest rocks occur in the central plain and comptise 
a series of sandstones, claystones and tuffs with bands of Ume* 
stones and schist intercalated. At certain points these are 
penetrated by volcanic intrusions, notably at Drew’s Hill about 
li miles south-east of St. John’s, and at such points evidences 
or contact nietamorphism may be found to exist. The rocks of 
this series probably extend from early Eocene up to Miocene 
times. They are overlain conformably by the limestone series 


* Puhli^hed uccomits of the geology of the t«Iaiid hayo appeai'ecl as follows 
Dr. Nicholas Xuffent, Anicrican Journal qt Sco’nre, Vo?. L 01^19), p. 140. 

,, „ Gcof.oQic€d Society^ Vol. V (1821), pp, 469-75. 

Pi’of. S H. Brown, Am* rivan Journal ofScienu. V'ol. XXXV (1830), pp. 459-7o. 
J. H. Purves Vol. 111(1884-0), p]i 273-318 

J. W. Greiroiv, Qitnrterlt/ Jomnnl Oeologival Soeitfi/, L. 1 (189o), p. 

J. W. \V. HiVncci ,, „ n L. VII (1901), pp. 490-605. 
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THB SOILS OF ANnOUA. 

BY H. A. TEMPANY, J>.S^* (LOKB.). F.I.C., 

Government Chemist and Buperintendeiit of Agriculture 
for the Leeward Islands. 

A survey of the soils of Antigua is of peculiar general 
interest, apart from the special local importance which attaches 
to work of this description, by reason of the wide range of soil 
types which occur there in a relatively small compass. 

Such a state ot affairs is the natural outcome of the unusually 
complex chai’Hctei' of tlie geological formation. 

Without entering into minute details, some account of the 
general character of the principal rock formations is practically 
essential to a proper appreciation of the relations borne to one 
another by the variouK series of soil types represented, and the 
following shoit siimniarv indicates the main points in this 
connexion.* 

The island itself is inS square miles in area, and is roughly 
triangular in shape ; its greatest length is about 91 miles from 
north to south ana 12 miles from west to east. 

Physically it can be divided into tluee principal regions : (a) 
the central plain wliich traverses the island oiagonall}’' from west 
to east ; this is a region which is generally fiat and at no great 
elevation above the seadevel. but with several isolated hills 
rising to heights of from 200 to 1100 feet above the sea : 
(b) the north eastern area comprising the limestone formation 
and consisting of undulating country at somewhat gi'eater 
elevation than the t*entral plain, with ranges of low hills ranging 
from 20o to 400 feet above tlie sea-level, and (c) the south¬ 
western area which is the most mountainous part of the island ; 
this region is volcanic, jn origin and is much contorted and 
convoluted; it comprises a number of ranges of hills and 
mountains whicli in several places rise to 1,000 feet above se^- 
level, the highest point being Boggy Peak, the elevation of whiih 
is 1,360 feet. 

The oldest roiiks occur in the central plain and comprise 
a series of sandstones, claystones and tuffs with bands of lime¬ 
stones and schist inteio^ted. At certain points these are 
penetrated by volcanic iiitrnaions, notably at Drew’s Hill about 
14 miles south-east of St. John’s, and at such points evidences 
or contact metamorphism may be found to exist. The rocks of 
this series probably extend from early Eocene up to Miocene 
times. They are overlain (onforraably by the limestone series 


* Published uccounts ol the geology of the island have appeaml as follows :~ 
Dr. Nicholas Nuirenl, Anixrlean Journal ol Science. Vol. 1. {1819), p. 140. 

,, ,, Ueil'jgical Society, ^ ch V j 18*21), pp. 469-75. 

Prof. S H. Brown. Amfrican Jourm) ofSeiemc. Vol XXXV (1839), i>p. 459 75 

J. H. Purves .. .. Vol. Ill (1884-5), pp. 273-318. 

tF, W. (iregoiy, f^htacterh/ Jouniaf Geofoyical Socitfv. L. 295, 

•F. W. W. Simticcr ,, 


I.. VII (1901), pp. 490.6*J.V 
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of the North which the majority of observers iiuite in referring 
to the Miocene age. This series comprises a considerable 
thickness of marls and calcareous sandstones with bands of hard 
^compact limestone. The general dip of these and the underlying 
beds is to tlie north-east with an inclination of from 10" to 

The volcanic rocks of the south-west present a series of 
massive igneous floes together with metamorphosed sediments 
in places. The prevailing type of rook is andestic, while volcanic 
rocks of c^onsiderable age may occur representing an old igneous 
basement; there is evidence to show tliat mucli of the material 
was intruded subsecjuent to the formation of the limestone series 
of the north-eastern area. 

The effect of this intrusion is also seen where volcanui rock 
occurs at points in the central plain and the limestone area, e.g., 
at i)rew’s Hill as already mentioned, in the region lying between 
St. John's Harbour and Five Islands Harbour, and at Crosbies 
in the limestone area on the north coast wheie a well-marked 
volcanic intrusion occurs through the limestone rocks. 

Further evidence of this volcanic activity is seen in a series 
of roughly parallel faults which occur in the central area along 
lines running roughly north to south ; and als(» vani and w» st ; it 
has been stated that the eontinuation of these is fui ther traceable 
in the limestone area. 

The efl'ect of these is seen in the dis]Jacemenl of the oiilei^op 
of certain of the beds of the central }Jain : and this in turn 
affects the soil type to some extent at some points. 

Interbedded with certain of the rocks ui the ct*ntral plain 
occur layers particularly rich in sodium chloride ; tla-se occur 
Fences are liable to affect the character of the soil and the snb.soil 
to an appreciable extent, and also influence the r-baracier of the 
subsoil water-supply. 

The soil studies, of which the follow ing const it utc a record 
represent the accumulated results of a large series of analyses 
made in the Government Laboratory for the Leeward Islands 
during the past fifteen years, at diflerent periods, 'fhe names of 
the various workers ire as follows; Dr. F. Watts. C.M.G., 
Messrs. C. H. G. Rprankling, B.Sc., (4. (L Ancbinleck, B Sc., 
R. H. Malone, M.D,. J. Lely, J. L. E. R. I ake. V. M. Wed, B.So., 
R E. Kelsiek, and the winter. 

In all fifty-two analyse.s are given ; of these approximately 
one half have been performed during the past t wo years ivith the 
object of completing the work; and in these cases Messrs. 
V, M. Weil, B.Sc., and R. E. Kelsiek aie largely responsible for 
the performance of the work. 

The samples were taken by officers of the Agricnltural 
Department at different tinu*s, and represent erage samples at 
the different points taken to a depth of 1 foot. 

The faertors and constituents determined, and the analytical 
methods employed are the same as tho8(‘ utilized in other soil 
investigations carried out in the Government Laboratory for the 
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Leeward Islands*. For convenience of reference they are again 
detailed below. 

In each sample of soil there have been determined 

The phosphoric acid soluble in 1 per cent, citric acid 
solution ; 

The jK)ta.sli .soluble in 1 per cent, citric acid solution ; 

The carbon dioxide evolved on tjeatnienl with hydro¬ 
chloric acid ; 

The total nitrogen : 

The carbon existing in I lie form of organic matter, from 
which the humus is calculated bv multiplving bv 
the factor 1*724. 

In the case of the calcareous soils however, the determination 
of the available phosphoiic acid and potash has not been made, 
siiioe in tbesf* frircum.stnnces tlie excess of the calcium carbonate 
present will tcxercuse a nt*ntrfili/ing eilect on the citric acid 
contained in the sample, and no data exist fur the int<u*pretation 
of results obtained under these conditions. 


In utliei- eases the following arbitrary standards have been 
a<lopt<Ml to indicate* whether any constituent is pn‘sent in large, 
nuMlium, or small <jnantities 
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low 

nrganic mattei 

aboxe 

2 0 „ 

high 

»• 

I'H to 

20 ., 

medium 

t. " 

less than 

l-o 

loxx' 

In addition \n tin* 

c‘hc*mi(‘al examination, eacli 

sample has 

been subjcM'tcMl to mechanic'al analysis 

bx* the beake 

r method of 


Osboj’iie. 

Ill th(‘ im*chau4cal analysis the gi'ade.s adopted for the 
st*parat<Ml jiarticles have been in accordance with the standards 
of the Tnited States Departim^nt of Agriculture. 

In the analvst*.s (puited the (.•ombine<l c*ontent of fine silt and 
clay are in addition together returned as agricultural clay owing 

* See Soils of l>otninieii, l»v Frftiici" W at t>. I 0 V.. lUUJ. 

Soils of Montser?‘at.‘l*v Francis Waits aiui H A. Toin|»anv. 
Indian fhdi^tin, Vob VI. 

Soils of Nevis, ly Franeis \\ attb aiui H. A Teiupany. fit Indian 

Bullfdns Voi. \. p. m 
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t»«^ the difficulty in effecting a complete separation of these grades. 
As a basis for grouping the various soil types the physical 
analyses have in the main Ix^oa adopted. 


Millimetres. Inches. 


Stones above 

5 


above 0'2 


Coarse gravel 

o 

to 2 

0-2 

to 0-08 

Gravel 

2 

.. 1 

0-08 

., 0-04 

Coarse sand 

1 

0’5 

0-04 

., 0-02 

Medium sand 

0*5 

.. 0-25 

0-02 

„ 0 -01 

Fine sand 

0*25 

01 

001 

0004 

Very fine sand 

01 

.. O-Oo 

0-004 

., 0-002 

Silt 

0*05 

.. 0 01 

0-002 

., 0-0004 

Fine silt 

0-01 

.. 0-00.') 

0-0004 

„ 0-0002 

Clay less than 

tl-OtK) 

less than 0*0002 



In the case of certain of the samples tlie percentage shrink¬ 
age shown by the soils on drying is recorded. The method of 
making this measurement is described in the Went Indian 
Bidletm, Vol. XII, p. 50, where the aspect of the measurement 
in relation to certain prac^tical agricultural considerations is also 
dealt with. 

The question of soil shrinkage is at present being studied in 
the (xovernment Laboratory for tlie Leeward Islanos, and it is 
hoped to make this the subject t»f :i scpai’ate communication at 
a later date. 

In dealing with the various data accumulated it is convenient 
to classify the soils in accoi-dance witli the geologit'al formation 
which they overlie. The aecManpanying map indicates the 
location of the tbreo main geological divisions (d‘ the island : it 
also shows by means of numbers the IfM alities tVom wliicrh the 
various samples have been taken. 

In relation to the \ arious indi\ idual sampl»‘s, it should be 
stated that no one sample c an be rc^gurded as typical of the 
conditions obtaining uniformly oji any mie estate. For this 
reason the results have been grouped sc* as to show tlc‘ main soil 
types characteristic of any one locality, and thc‘ manner in which, 
ill individual instances, departure therefrom may take* place. 

Ill discussing the data it is convenient to consider the soils 
in relation to the three main geological areas, vi/., the limestoiu* 
district, the central plain and the soulli-western volcanic* area. 

At the cjonclusion of this pa|>ej* the average physical com¬ 
position of the principal ])hvsic*al types encrountered is given in 
tabular form and illustrated diagrammatic;ally by means of lines 
of varying length. 

By comparison of these diagrams with the map it is c'asy to 
perceive the approximate extent and location of the aiva c'overed 
by each soil type. 

Soils of thk Limestone Area. 

This district covers the north-eastern portion of the island 
and constitutes roughly one-third of the total area. 
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A series of ten soil samples has been taken at fairly regular 
intervals along a line a short distanoe within the outerop of the 
limestone. 

The data for thi (^hemieal and physicjal examination for these 
are given below. 

PHVSICAL ANALYSIS. 

No. I. j No. 2. No. 8. No. 4. No o. 


Stones . 



0-9 

: .8-2 

l-:l 

Coarse gravel 

5*0 


o;3 

2-4 

2-9 

Gravel 


21 

20 

■ 2-7 

i 

2 9 

Coarse sand 

V\ 

■ 2:i 

j 2-0 

2-2 

20 

Medium sand 

:r:i 

5'6 


.5-0 

ti-O 

Fine sand . j 

1 

2*8 

1-7 

1-9 

i 

, 2-2 

2-0 

Very Hue .san<l 

2« 

8-4 

8-8 

4-8 

4 7 

Silt 

1*2 

9-8 

81 

i 7-9 

! 

1 13 

Fine silt ... 


K8-4 

619 

i 01-8 

519 

Clay 

1*9 

1-7 

2 2 

' 8-8 

j 

2 9 

Crganie iuntteraud ooin- 

bine*I watei- . . 

• 1 

5 o 

7‘7 

9 0 

4o 

) 

0 1 

AgriiMiltural clay 

97-5 

TOo 

100-0 

05-1 

mo-o 

«4-l 

100-0 
' 05*0 

KiOO 

57-8 

Water letained per 100 
water fn*e soil. 

— 

- 

- 

1 

78*8 

• 1 

79*3 


Shrinkage per rent. lo-O. 
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PHYSICAL ANALYSIS. 



No. 6. 1 

1 No. 7. 

No. 8. 

No, 9. 

No. 10, 

Stones 

— 

i 

i 

1 

— 

1*3 

— 

Coarse gravel 

... 2-8 

! 

9-9 , 

2*2 

1*3 

Gravel 

2-8 

i V2 


1*9 

1-7 

Coarse sand 

1 *5 

1-9 

M 

11 

1*6 

Medium sand 

... 11-8 

j 

♦Hi 

11 

5 -5 

8*0 

Fine sand 

1*4 

1 Idl 

1*9 

4*1 

3*9 

\ ei*v line sand 

... 21 

: M 

27 

7 

2*2 

Silt . 

lo 

2 2 

o; 

4-b 

3-8 

Fine silt 

... o9'b 

t;8r) 

1 72-u 

50-9 

51*8 

Clay 

... 12-4 

2 9 

1 

13 5 

17*t) 

Organic mattei* and 

com- 





hhied water 

... 2<; 

12-5 

i;3(> 

10*2 

7*0 


H8*8 

!»!»• 1 

101-2 

99*9 

98*9 

Agiicnlt ural clay 

. 72n 

71-1 

72(1 

91*4 

99* 1 

Shrinkage |>er cent. 15*n 






rilEMK AL 

ANALYSIS. 




No. 1. 

No. 2. 

1 

No. 3. 

1 No. 4. 

No. 5. 

Carbon dioxide ... 

. . 7 **>■*) 

i 

rrlM) 

1715 

1 

lO-iiO 

E<|ui\alent calcium 

(•.■ir- 


i 



Ixmate ... 

... Hi-T 


11-10 ! 

39-(]5 

:{0-.")0 

Nitrogen ... 

... 

0-080 

1 

0118 1 

j 

U*99(> 

0-119 

Organic; carbon ... 

... -fW] 

1-090 : 

l*f)95 i 

1 

1 -988 

' 2-009 

Ecjuivalent Immus 

... :s:i57 : 

2-925 

2*923 1 

2*911 

.8-468 

Chlorine. 

...f 0-009 j 

1 

0-004 1 

i 

0-004 i 

i 

0-093 1 

0-004 

1 
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CHEMICAL ANALYSIS. 



No. 6. j 

i 

No. 7. 

; No. 8. , 

1 

No. 9. 

No. 10. 

Carbon dioxide .. 

1 

9b8 

f»-«l 

14-09 

1 8-98 

7.53 

Equivalent calcium car- 


i 




()onate .. 

1220 

■ 21 -90 

! 82*028 

20-1 

17-1 

Nitrogen ... 

0-1 OS 

; 0-148 

0*822 

; 0-148 

— 

Organic* carbon ... 

I‘.j75 

1.714 

1*859 

1-860 

2-315 

Equivalent humus 

2-7U; 

2-9.54 

2*842 

i :i-2o6 

3-990 

Chlorine ... 

0(111 

, 0-010 

_ 

1 0-009 

1 0.(.>1 


As Htuttsl, foiv^oiiig ivproseiit a series of samples taken 
along a line following the limestone out<*rop and a short distance 
within this. 

The following .analyses afford data rc^garding samples of soil 
taken from other paits in lids are.a :— 

Extreme North of Limestone District. 

No, II. 


FHYSK AL 


ANALV 


SES. 


Stones ... 

— 

( darse grav el ... 

2*f; 

i travel 

1*7 

C< larse sand 

1*2 

Medium sand . 

142 

Fine sand 

4*.7 

Verv tine sand 

2*7 

Silt 

8*0 

Fine silt 

r)5*(» 

Clay 

5-1 

(Irganic matter and 
(Mimbiued wiiter 

10*8 

Agricultural clay 

bKC8 

ho-l 

\VaU‘r retained per 
HH) water fret* soil 

{\&0 

Shi inkage ptn* cent. 

n*o 

( HEMICAL ANALYSES. 

I ‘arbon liioxide 

20iH) 

Calcium carbonate 

1.5-6 

Nitrogen 

0-1.57 

(frganic carbon 

2-329 

Equivalent humus 

4-658 

Chlorine 

0-015 






North Eastekx oh Windward Area, 

PHYSICAL ANALYSES. 


Stones 

No. 12. 

11 

No. 18 

Coarse grax el 

ID 

0*6 

Gravel 

21 

3t) 

Coarse sand . 

2 2 

2 5 

Medium sand 

9*1 

84 

Fine sand 

81 

7*ti 

Very tine sand 

4-8 

8*8 

Silt. 

t»*7 

2*8 

Fine silt 

♦)Dr> 

59t) 

Clay 

i*D 

1-8 

Organic matter 

and combined water . . .. ! 

8-9 

7'7 


100 

97*4 

Agricultural clay .. 

Hl*5 

OLl 

Water retained pei* lOO water 
free soil 

7 5 0 



Extreme Eastern or Hioh Windward Eouiion 
OF Limestone Distrk t. 

PHYSICAL ANALY'SKS. 


Stones . . 

No. 1 1. 
17 

No. j:>. 

i 

No. Jf». 
1*7 

No. 17. 
01 

Coarse gravel 

9-8 

1*0 

1*0 

u-0 

Gravel 

5*5 

1-7 

2*8 

10 

Coarse sain 1 

1*1 

2*4 

28 

0 8 

Medium sand 

81 

5*2 

2-9 

1-7 

Fine sand 

2*7 

80 

1*8 

11 

Very tine sand 

1*8 

8*9 

5*1 


Silt . 

4 8 

1 1*8 

20 1 

•io 

Fine silt 

59 2 

.19*0 

54*0 

28*2 

Clay ... 

0*9 

1-0 

0-1 

59*8 

Organic matter and 
combined water ... 

7‘H 

0*7 

81 

i 

1-7 


l(KHt 

1000 

1(K)0 1 

1 

101*9 

Agricultural (;lay 

«01 

tiot; 

54*4 

88*0 

Water iretained per 

100 water free soil 

; 79-0 

94*2 

98-3 


Shrinkage per cent. 

i 

1 


15*0 





77 


PHYSICAL, analyses 




No. 18. 

No. J.9. 

Stonea 



0-6 

Coarse gravel 


1-3 

2-1 

Gravel 


20 

2-6 

Coarse sand 


1-‘J 

1-9 

Medium sand 


. . b'o 

2-1 

Fine sand 


o-j 

31 

Very Hue sand 


2*5 

4-5 

Silt. 


5 9 

«-l 

Fine silt 


59*3 

o6-0 

Clay ... 


1-7 

9-9 

Organie matter and 




combine^l watei- 


7 ‘7 

91 



9fr‘) 

109 0 

Agrieultural clay 


bl'O 

OG'o 

Water retiiint <l per 

ion 

51*0 

79-1 

Slirinkage per eent. 


i:ju 


North 

KASlEltN 

UR WiN’DWAUu Area. 



CHEMK'. 

\L analyses. 




No. 12. 

No. 13. 

Carbon <lioxide 


1 -98 

4 27 

K<|ui\'alent calcium ( 

‘Hil )onate 

...' 1-19 * 

9-71 

Nitrogen 


0*104 

0132 

Organic fairbon 


0 977> 

l-42(i 

Kquivalent liinnus 

... 

1082 1 

1 

214S 

Chlorine 

... 

002 

O-OoO 
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Extreme Eastern or High Windward Portion 
OF Limestone District. 

CHEMICAL ANALYSES. 



: Xo. 14. 

No. 15. 

No. 16. 

Carbon dioxide 

...! 22’ft 

10*2 

6*7 

Calcium carbonate . . 

...1 49-8 

■ 

23*2 

15*2 

Nitrogen 

, 

... 0*696 

0*168 

0*109 

Organic carbon 

... 1036 

1*712 

1*149 

Equivalent humus .. 

1-786 

2*953 

1*981 

Chlorine 

... (»'O02 

(HM >2 

0*001 


: No. 18. 1 



Carbon dioxide 

... 10-37 



Calcium carbonate ... 

. . 23*58 



Nitrogen 

...; 0-171 



Organic* earbon 

... 2*080 

1 



Equivalent luuiiiis 

t 

... 3*585 ; 



Cbloiine 

...1 n-oi-l ^ 




The foregoing sei io.s of nifieteeii repremMil a survey 

in some fair amount of detail of the general type of soils eneoun- 
lered throughout the limestone area. 

In pli\sieal constitution it will he H(‘en that they approxi¬ 
mate veiy closolv to a single type tlirr)Ughoul, in w!ii<*h tlie 
particles of the tine silt and c*lay order of magnitude h(»ld the 
prepa!KleraiK?e by a large amount, and, on the avei*age, constitute 
65*11 per cent, of the soil. The dej)arturea from thi.s ty[K* are, on 
tlie whole, small ; tin* actual maximum amount of agricultiual 
clay recorded is in the case of No. 17 where it amotnils to SS per 
(ierit. of the sample, while the minimum is shown in t he cast‘ of 
No. 16 in which the agricultural clay amounts to 51 per ci iu. 
It may however be added that in the majority of cases the 
divergence frmn the riieaii value is considerably hvss than this. 

In relation to calcareous soils however, it- must be l>onu* in 
mind that their (diaracter will in actual ])ra(rti(!e be subject to 
profound modihcation in felation to the content of calcium cair- 
Donate. Soils which on mechanical analysis show similar 
eharaeteristics will differ markedly in their behaviour if a large 
proportion of calcium carbonate is present. 
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The effect is due to the well-known action of lime and salts 
of lime which causes soil particles of the clay order of magnitude 
to rtoecuJate or for aggregates composed of an indefinite numher 
of small particles to he formed which in tillage function as single 
particles of larger size, thus bringing about an apparent lightening 
of the te\tnre of the soils ; the larger the amount of calcium 
carl) )nate nat urally i>resent the greater will be this Hocculating 
tendency. 

Asa general i*nle the soils of the extreme northern and 
extreme eastern portions of the limestone district (contain the 
largest p?‘o[)ort ion of calcium cai*bonatc, and on this accojint tend 
characteristically to work as lighter soils than tliose from the 
more (central portion of the area iji (juestion. 

This (^harai.-tei'istic is shown in the (tase of sani[>les X»). 11 
from the iiortl.ern district, and Nos. 11, 17 and 18 from the 
t‘astt*rn area. The soils of these two regions are frequently 
spoken of as tie* light limestone lands of the northern and high 
win iward districts. Tiie data given show clearly that iti 
actual physical composition none of the soils in (jiiestion depart 
niai'kedly fi’om the general ty[>e of the soils of the limestone 
district, but, on the other hand, they contain very large amounts 
of calcium carbonate, whi(;li promote flocculation and render the 
soils easy to ^^'ork and capable of more tree drainage. 

It may be j)uintcd out that the actual amount of carbonate 
(»f litne wliicli is found to exist in surfaci* soils derived from lime¬ 
stone rocks, will \aiy very considerably ; when tic* natural con- 
(litions aiv* such as to facilitate general underground drainage, 
and vvherc the rainfall is heavy, inncli of the calcium carbouate 
niiginally present in tlie t<»p soil is liable to l)ccome leached 
away ; in these cii’cumstances, it is in some limestone regions 
not inircijiuait to encounter soils resting on and derived from 
strata conq»osed of almost pure limestone which themselvc«i 
cf»utainsery small aiiiounts of calcium carbonate. lathe fore¬ 
going stuies <»f samf)les such an example is seen in the case ol 
No. 12, a soil derivt tl from limestone rocks hut which shows the 
low calcium carhouate content of -1*411 per cent. 

As a general rule it may he said that the soils of the more 
centia) p<»rlion of the limestone district show **ontent of (;alcium 
cai'bonatc ranging btUwccn l and 2t> per cent., while those of 
the noi'liicin and eastern areas cont.ain from 2U to oil per cent, or 
more ; hut wliilc this distinction holds t]*ue in a general way, 
it mav he [lointed out that instances are by no means uncommon 
of Hoiis containing much higher proportions of calcium carbonate 
than those cited in the case of tiie central region, and lower in 
the <*asc of the northern and eastern areas, as reference to 
the tabulated results will show. 

The factors inthuun-ing this ai-c of course largely matters of 
local physical configuration. 

lu a general way tht‘ limesione rocks embodying the centr.al 
and more elevated portion of the limcstout* districl.s are appreci¬ 
ably more pervious to water than is tin* (?ase with the surfac«* 
deposits of the lower lying legions of the north and east. Tn 
these latter areas the topmost formation from which tlie soils 
take their rise usually consists of very fairly cloi^-gi-ained marls, 
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which do not permit the passage o^ water with any great degree 
of freedom. In these circumstances surface soils of a fair 
degree of thickness are formed containing high proportions of 
c.alcium carbonate, which owing to the character of the subsoil 
are not liable to groat losses of calcium carbonate by leaching. 

Such top soils are of [>et*uliar intoi*ost ; owing to the high 
proportion of calcium carbonate present they are easily tilled, 
and the top soil layers part with their water with relative 
ease. To the maintenance of their condition fretpienl tillage 
to a moderate depth is essential. It is significant however, that 
up to within recent years the only crops grown on these lands 
were sugar-cane, coinhined with rotation and catch crops of 
ground provisions, all of which may he classed as sliallow rooting, 
fender these (conditions many of these lands do not re<juire any 
artificial ^'rainage. the high degree of flocculation hrought about 
by the large content of calcium carbonate being fr(?(|uently 
sufficient to supply all the drainage* re<piired by natural means 
The advent of Sea Island cotton cultivation has however thrown 
an extremely interesting side-light on the position. After eleven 
years experience it has become cle.nr that while in c'ertain s(^asons 
crops of cotton do well on these Ian Is. the slightest ex(tess of rain¬ 
fall is liable to result in failure of the crop. Tie* fa< t tliat cotton 
is naturally a much deepci’ rooting ej^jp than sugarcane will 
tend to (jause its root system t(» penetrate to a greater depth, and 
thus t(j enter the sulvsoil layers compose<t of relatively impervious 
marl : moreover. (*ottoii is decidedly less ttderaiit of e\ct*Hs of 
moistui’e than is the sugar-cane. The sv.stem of agriculture 
pursued in relation to cane ha^ hitherto been practise*! practicallx 
in unaltered form for : the result has been that while he 

conditions are such as to pi*o\ ide sufficient .latural drainage for 
cane (*i*ops, a .set of soil eonditi<.ms is lia)>l»‘ to be pro(!uee<l which 
are too wet for eottom I’he piaelical oiileome of this discussioii 
appears to be that whcii crops r)f cotton are grown on these s(* 
called light limestone larels, greater att<*ntioii must be pai<t n* 
drainag*' tlisn has been customarv in tie* ease of cane or<)ps 

In concluding this discussion *»f the physical elmruci eristics 
of the soils of the limestone district it may again Ije [>oinled (Uit 
that in general, tli«* .soils appro.xiniate closely in (*oin|.)o.sition t<» 
one physical type, and that the difierenccs observed art* almost 
entirely due to variation.s in the cah'iuni carbonate content 

It is not proposed to d is* ii.sk the individual cases in detail, 
but rcferciK^e must be made t*) an example of peculiar inltux^st. viz. 
No. 17. The sample wa.s taken fr<»ni a field .situaU*d on bottom 
land^ in the ext)*emi‘ eastern area. From its locathiu it tends t(» 
receive drainage fr*)ni the .surrounding country, and the finer 
constituents are washed down into it, The chemical analysis 
shows it to (^olitain an abnoririally high pro|>ortion of cailclum 
carbonate ; the result i.s seen in the behaviour of the field in 
practice ; in dry weather the .soil is light and easily handled, but 
in times of heavy rain it tends to settle down into a stiff intract 
able mud. In handling .such soils considerable skill and e-\j>eri* 
ence are necessary, the main point always being to endeavouj 
to prevent so far as possible any nndue accumulation of moisture. 
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In regard to the cliemical characteristics of the soils of this 
area, apart from the content of calcium carbonate, no general 
tdassificiation is possible. Attention has b(‘cn dir<*ctef] by the 
writer in another place* to the priinary iniportaiuje in relation 
to the question of fertilitj^ of trojhcal soils, of maintaining the 
supply of organic matter. In the examples given it will be seen 
that the content of organic matter varies between relatively 
Avide limits, and with it, as a rule, the ritrogen co^itent. 

It must be borne in mind that the examples adduced in the 
majority of cases have been under f;on tin nous cultivation in 
sugar-cane foi* veiy long periods of time, and therefore they may 
be regarded as types of tropical soils which have attained to 
a balance c>f fertility similar to that obtaining in the arable lands 
of temperate climates. 

In relatioji to ti upical soils as a whole, such a state of atfairs 
is at present the exception and not the rule : in general the 
actual methods adopted in tropical agriculture are extensiveh’ 
hdlovved by tlie abaielonment of exhausted cultivation, at any 
rate in relation to arable crops. Such a state of affairs is pre- 
• •luded under the conditions govjuning cultivation of the cane 
lands of Antigua. 

As a teutativ*‘ generalization one may perhajxs la}’ down 
that a content of from 1*7 to per cent, of organic carbon and 
b l per cent, nitrogen serves .as a rough inditfalioii of a 
satisfactory dcgn*«‘ ot fertility. 

This geiicrali/atioii is however suhjec-t to limitations depend- 
enl on the agriiailtural system at present in vogue, the current 
})ractice being to maintain fertilit} hy moderate dressings of pen 
manure ajjplied approximately every three years On this 
account ac'tual analytical data adduced in an\' particular case 
must he correlated Avith factors dependent on the time on Avhich 

the sample avhs taken, in rclathm to the application of manure. 
Attention has elsewhere** been directed to the very rapid rate at 
wliich t>rganic matter tends to h(*come dissipated in tropical soils. 
an<l it has betm sIioav n that under average conditions on non- 
calcareous soils this loss may be as high as 25 per cent, in six 
months : the natural (conditions prevailing in calcareous soils will 
tend to expedite such deliy. and althougli no actual data are as 
^•et avuilahh‘ for tlie rate at which the decay proceeds in 
these circumi?tances, the necessity for the maintenance of the 
coiiteiit of organic uialler cannot be OA’erstate<l. 

No data are giAen in tlie case of any of the famples connected 
Avit-h this districl^for the contents of phospiioric acid and potash, 
either total oi- assimilable. A coiisiderahle amount of data in 
this eoiint^xion has been collected in relation to many of the 
samples, hut it is not put forward as it is felt that such deter¬ 
minations in the present stale of ouv knowledge do not permit 
of deductions of value being drewii therefrom. 

^ 8t*.c Ri*iKirtN un 8u*jiii C'ltiu’ K.\pt‘iiment.> in Uie l..eyward Island? ioi 
and 1912 l.S ; also ‘ A Stud, ot Ca<*ao Manurial Plots in the Experiment 
Btatioii, Donainica, and * Notes on Soil Organic Matter, Went hidiciu 
Vol. XIV, pp. 81 and 146. 
loc. cit. 
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The methods usually adopted for the estimation of plants food 
(ionsist in the extraction of known weights of soil with known 
volumes of acids of varying strength, under different conditions. 
While such methods may yield results of value in relation to 
non-calcareous soils, the presence of varying amounts of calcium 
carbonate entirely alter the balance of the system used for 
extraction, and in the a})sence of specified standards for series of 
such systems, no reliable inference can be drawn from the results. 

T(j the writei* it appears that the most rational process for 
determining available plant food in calcareous soils would lie in 
the employment of solutions of calcium acid carbonate of known 
strength as solvent, since this must approach nearly to conditions 
obtaining actually in nature. In the absence of standards 
however for such series of determinations, no discussion of 
results of this description is possible. 

Manurial trials with sugar-cane made at different points 
throughout the area in question indicate that if adequate dress¬ 
ings of organic manure are applied to these soils, supplementary 
applications of potasli and phosphate do not produce reniunera* 
live increase in yield ; the infereiu*e tlierefore becomes unavoid¬ 
able, that under the present f^onditions the reserves of these two 
plant food constituents are adequately maintained. 

Before leaving the soils of the limestone district of J\ntigna, 
allusion must be made to a feature of very distinctive character 
which is peculiar to them ; this is the occiirrence throughout the 
entire area of small patches which are unable to grow satisfactory 
crops of cane, and which are locally known as gall patches. On 
these spots, which are usually small in size and never exceed 
j\j-acre, canes assunie a characteristically etiolated appearance 
and frequently die out after a time. The patches are as a rule 
roughly circulai in form and occur throughout the limestone 
area, but are more especiially frec^ueiit in the iiorthern and 
eastern region. Practically all crops show etiolation when grown 
on these patches, but some plants, notably cotton, are much less 
susceptible to their influence than is sugar-cane, and are capable 
of being grown thereon with fair success. 

Gall patches differ considerably in intensity : on some, good 
crops of plant canes can be grown (the ratoons usually dying out), 
the plants only showing a moderate ainount of* etiolation ; on 
others it appears impossible for canes to survive for any length 
of time. 

Concerning the origin of gall patches there has been much 
divergence of opinion ; by many persons it has been held that 
they are caused by the presence of excessive amounts of lime in 
the soil, while it has also been suggested that they might be 
due to the occurrence of petroleum deposits. The former view 
is negatived by the fac.t that at a series of points in the eastern 
portion of uhe limestone area outcrops occur of a thin band of 
silicified sandstone containing very small amounts of calcium 
carbonate ; the surface soils overlying this outcrop also show very 
small contents of calcium carbonate but present numerous 
examples of gall patches. 
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Thus a soil sample taken from a typical gall patch in this 
region showed a content of calcium carbonate only amounting 
to 1*91 per cent. 

It is not however improbable in some cases, notably steep 
hillsides, where shallow surface soils are underlain by marly 
subsoils, that excessive amounts of calcium carbonate may prove 
a check to growth ; such cases are however easily detecteil and 
should not be regarded as true gall patches. 

The physical characteristics of soils from two typical gall 
patches are given below. 



A. 

B. 

Stones ... . 

11 )ii(‘ 

none 

Coarse gravel 

2-4 

Oil 

Gravel ... 

2-3 

2-0 

Coarse sand 

2 J 

1*0 

Medium salnid . 

11-7 

12'1 

Fine sand 

2-3 

1*2 

Very fine sand ... 

21 

1*1 

Silt . . 

3-2 

1-3 

Fine silt. 

422 

1 

45-5 

j 

Clay . 

17-2 

17-1 

Combined water and 
organic matter 

8-4 

7H 


97-2 

1 961 
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It will be seen that in physical character they resemble the 
general soil type prevailing throughout the limestone area. 
•Some ot* the more important chemical characteristics in respect 
of these soils are as follows : — 

Constituents soluble in hot Hydrochloric acid, 

20 PEK CENT. STRENGTH. 


! 

A. 

Per cent. 

B. 

Per cent. 

Oxide of iron j 

Alluniina | 

12-775 

11-951 

Oxide of manganese 

(>•725 

0-270 

Lime 

310t» 

3-445 

Magnesia 

l-«37 

0-820 

Potash ) 

Soda j 

1-32H 

1130 

( 1 O ■ 

Phosphoric acid ... 

0-025 

0-019 

Chlorine ... 

1 0-107 

, 0-098 

Sulphur trioxide 

i O-063 

1 0-1-20 

(.^irbon dioxide ... 

i l-5t!0 

1 

1 1-200 

Nitrogen. 

1 U141 

j 0-149 

Organic carbon ... 

omr? 

j 0-907 

1 

Equivalent humus 

1 l-0h5 

i 1 -600 

Cal ci u ni carbon a to e( | iii v - 
alent to carbon 
dioxide 

j 

i 

1 ooO 

j 2-80 


Striking features of these analyses are the relatively very 
high content of potash and soda ; t he proportion of magnesia 
is also high in both cases. 

Both examples also show relatively low contents of calcium 
carbonate, having been taken from the same area as the example 
already (juoted. It should be noted however that many gall 
patches occur which contain considerable amounts of calcium 
f‘arbonate. 

The a})Ove two examples show Jio marked abnormalities in 
relation to the content of nitrogen and humus, although the 
latter is low. 

While absolutely conclusive evidence is not available, it is 
suggested that the most probable explanation of the origin of 



85 


gall patches is that they are due to the aeeuiuulatioii in the 
surface soil of excessive amounts of alkali salts. 

It has been shown in another plac'C* that the strata under¬ 
lying the limestone formation contain layers of saline material 
interbedded with them, and it appeal’s probable that, gall patches 
represent points at which tliis saline material has been brought 
to the surface by capillarity from deeper* levels. 

In character these saline deposits consist chieiiy of sodium 
chloride, but in contact with limesione it is likely tluit tins 
becomes largely converted into sodium carbonate, and if 
magnesium is pi’esent in the underlying rocks, magnesium 
chloride would also be liable to be formed. 

Experiments are stated to have been essayed on several 
occasions by planters to endeavour to eradicate gall patelies by 
removing .the surface soil to a depth of about 12 itu;lies, and 
filling in the opening with fresh mould fi’orn other sources. All 
accounts agree instating that as a result the gall patches dis¬ 
appeared for a time, only to i*eappear again after a few rnoiitl s' 
interval. ‘ 

Tliei'e further appears to be some reason to believe that gall 
patches may increase in size during a series of very dry years 
and become reduced when wetter seasons supervene. 

Both of these observations agree very well with the hyf) 0 - 
thesis advanced as to their origin. 

If the view in question is eorreiit, the jjroblem of ultimately 
eradicating or reducing the intensity of gall paUihes is one of 
some difficulty. Possibly it might be aeeomplished by systematic 
alternations of flooding and drainage, but, for success to be 
attained an aluuidanl supply of irrigation water t)f adequate 
purity would be necessary, wliile the operation would reipiire to 
be performed with (ionsiderable care to avoid i*isk of damage to 
the tilth of the i*emainder of the held. 

JSOILS OF THE CeNTUAL PUAIN. 

As a general rule the soils of the low dying central portion 
of the island may be said t(» (iompriM' a. series of heavy clay soils 
deficient in calcium carl>onate, requiring thoi’ongli tillage and 
drainage for tlie maintenam-e of liltli. 

Along tlu‘ line of junction with the limestone area occurs 
a series of soils of a distinct type of wliieh tlie following consti¬ 
tute examples. 

Soils from the region of the limestone outcrop. 


^ West Indian Bulletin. Vol XTV, p. ‘2H1. ‘TiKMJroiiml Waters of 
Antigua, ly H. A. Tempany. 
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PHYSICAL ANALYSIS. 



No. 20 

No. 21 

No. 22 

No. 23 

No. 24 

No. 25 

Stoiifs ... 

0-4 

24 

... 


... 

" 

Coiirse gravel ... 

0-8 

1*1 

0-7 

0-6 

0-8 

1-3- 

(Jinivol. 

3-6 

2*0 

1-2 

1-5 

1-0 

2-8 

Coarwe sand 

3-8 

2*0 

1-6 

1-9 

1-2 

2-8 

M(idiiim sand ... 

90 

5*0 

,9-7 

71 

3-9 

13-3 

Fine sand 

4-8 

1-7 

f ... 

3’5 

3-0 

3-0 

Very fine sand... 

0-1 

25 

2-9 

4-6 

3-4 

2’5 

Silt 

2-9 

lG-5 

4-3 

0-7 

11 

5-2 

Fine salt 

59-4 

56-6 i 

07-3 

731 

77-8 

45-9 

. 

35 

1-8 

41 

0 6 

0-1 

14-6 

Or^anie matter and 





i 


combined water 

5-7 

7-8 

7-8 

C-4 

7-7 i 

8-3 


100*0 

1000 

99-0 

100-0 

ioc-0 

99-7 

Agricultural clay 

02*0 

.59-7 

71-4 

73-7 

77-9 ; 

60-5 

AVater refained per lOdi 







water free soil 

84*1 . 

83-0 


93-6 

91-6 



(’UEMICAL ANALYSIS. 



No. 20. 

0-0084 

|No.21. 

|No. 22. 

i 

No. 23. 

0-0126 

No. 24. 

0-0069 

No. 25. 

0-0101 

Potash. 

00183 

... j 


0-0061 

0-0312 

0-0246 

Carbon dioxide 

0*e509 

1-297 

3*650 

3-652 

3-696 

2-02 

E(|uivalent calcium 
carbonate 

1-157 

2*931 

8-310 

8-300 

8-400 

4-60 

Nitrogen 

0-093 

0*098 

0188 

0-134 

0157 

0-115 

Oi’^anic carbon 

0-721 

0*705 

1-935 

0-917 

1-009 

1-560 

Equivalent humus 

1-243 

1*215 

3-336 

1-581 

1-739 

2-689 

Chlorine ...j 

0 003 ! 

0*004 

0-011 ! 

i;ooo6 

0005 

0-009 
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The six sampl^ given above illustrate fairly clearly 
the type of soils which occur in a narrow strip bordering the 
limestone outcrop across the island from West to East. The 
area in question is from J to J-mile wide, and the character of 
the soils in respect of their contents of calcium carbonate will 
vary with the proximity of the points at which individual sam¬ 
ples are taken, to the limestone outcrop ; in the examples adduced 
actual percentages of calcium carbonate range from 1*57 up to 
8'4 per cent. 

Physically the soils, as a whole, approximate to a uniform 
type in which the particles of the agricultural clay order of mag¬ 
nitude hold marked predominance ; the actual range of the 
contents of agricultural clay shown is from 5U*7 to 77*U per cent. 
Of the coarser particles medium sand is usually present in some¬ 
what larger proportion than the other grades. 

In actual practice the character of these soils varies with 
the content of calcium carbonate ; the greater the proportion of 
this constituent present the nioi*e readily do these soils work as 
a rule. Usually speaking they re(]uire artificial drainages to 
a greater or less extent. If due attention is paid to tillage they 
are capable of a considerable degree of fertility ; when the 
content of calcium carbonate is low, moderate dressings of lime 
are likely to prove of value ; in this respect an accurate knowl¬ 
edge of the content of calcium carbonate of soils in tliis rc^gioii is 
likely to prove a useful guide to their treatment in practice. 

The region of the central plain proper consists of a series of 
low-lying lands stretching across the island in a diagonal 
direction, which as already stated arc penetrated at certain 
points by volcanic intrusions ; this is most clearly soon in the 
region lying between St. John’s and Five Islands llai bour, where 
volcanic activity has exerted a marked influence on the j)revalent 
soil type. This region is bounded on the south by the losv 
mountain ranges of volcanic origin characteristic of the southern 
region. To the sonth-west this region undergoes a (;ertaiii 
amount of prolongation into the area known as the Eendals 
Valley. 

The majority of the soils in this district consist of a series of 
heavy non*calcareous soils which pass imperceptibly into the 
calcareous soils of the north-eastern region, while a siinilm* 
graduation is also shown into the lighter soils of the south¬ 
western area. 

The following data illustrate the chief physical and cliemi^ al 
characteristics of the soils of this central area :— 
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Soils op the Central Plain. 


PHYSKAL ANALYSES. 

'No. 2r.N0. 27,No. 28 :No. 29jNo. 30|No. 31 


St-oueH ... 



9 4 

3*9 ' 

10 

0*4 

Coai-se gravel ... 


2-5 

2*4 

2*9 i 

1-0 

1-3 

(Iravel ... 

2(» 

2:; 

8-3 

i 5*9 j 

2*3 

1*8 

0)ar.se sand 


2 2 

21 

’ 5*9 1 

3*6 

30 

Mecliuiij sand ... 

Jd*8 

1*9 

3*8 

! 9*2 

12*1 

12*6 

Fine sand 

:ko 

0*8 

8*2 

1 2*8 

2*3 

1*5 

Very sand .. 

(>•7 

1*7 

t-3 

i 8*7 

9*4 

1 7*3 

Silt. 

11 

13 

1*5 

7*8 

10*1 

3*9 

Fine silt 

;Vdt 

50*7 

t)3r> 

14*1 

35*2 

42*0 

Clay .’ 

M 

20*7 

3*1 

9*4 

14 3 

17’7 

Organic* nialtei- an<l 
coinWined water ... 

S2 

8*8 

7-4 

j 9*7 

: 9*8 

1 

i 

8*1 


97-2 

98-9 

lOO-O 

; 109*9 

' 98*4 

99*5 

Agricultural clay 

(13*8 

711 


i 53-5 

49*5 

‘ 59*7 

Walei* retained |)er 1(M) 
water tree soil .. ; 


■ 


83*9 

79*7 

72*8 

Shrinkage pcj* cent. .. 

15-0 

13*0 

1 
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S(>M.S OK TIJH CK-NTHAL I’l.AIN' 
I 'H YSIO M. .A .N AI. VWI.s, 



Xo. 32. 

No. 33. 1 

No. 34. 

Stojies 

0*5 


... 

Coarse gravel 

9*5 ! 

2*9 

8-3 

(jr ravel 

1*3 

1*8 

.55 

Coarse sand 

1*4 

2*9 

3-3 

Medium sand 

2*1 

10*9 

19-0 

Fine sand 

9*8 

5*4 

1-7 

Very fine sand ... 

0*8 

3*8 

4-1 

Silt . 

j 7*9 

5*9 

5-8 

Fine silt ... 

1 44*8 

42*0 i 

1 86-8 

Clay 

23*3 

17*9 

9-6 

Organic matter and (‘omhined w'ater 

12*1 

9*9 

6-2 

1 


; 101-.5 

98-9 

99-8 

Agricultural clay 

68-1 

59-9 

45-9 

Water retained per 100 water free soi^ 

811 

... 

... 

Shrinkage per cent. 

... 

lOO 
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Soils of the CiaiTBAL Plai\. 

CHEMICAL ANALYSIS. 



No. 26. 

No. 27. 

No. 28.|No.29. 

t 

No. 30. 

Phosphoric raol. in 1 peri 



! I 


anliydride ] ooiit. oiti'ic - 

... 0-02 

48 .. 

... 10-0074 

io-0(.t31 

1 acid ) 



I 

! 

Potash . 

0-02 

94 ... 

... (H»390 

0-0149 

Carbon dioxide ... ..| 

0-328 

0-293 

1 ! 

... '0-049 1 

0-115 

I 

Equivalent calcium carbonate i 

1 

0-745 

0-665 

;oiii 

0268 

Nitrogen .i 

O-17'l 

0-202 

... i 0-129 1 

1 

0-118 

Organic carbon ... .., i 

2-068 

0-929 1 


' i 

1-514 1 

0-889 

Equivalent humus . 

3-567 

1 

1-601 


2-610 ;1-.531 

Chlorine . 

0-019 

0-011 


0 (105 0 016 


:Xo.3l. No.:{2.jN<>. No. .SI. 


1 


Phosphoric | 

sol. 

in ] 

ti-aoe 

trace 

0 •0(153 

0-01(15 

anhydride j 

1 per 

cent. 





citric 

ac*id ) 





Potash 


... 

0-0166 

00088 

0 02(12 

(1-0414 

Carbon dioxidi^ 


.. 

0-075 


(1-191 

0-264 

Equivalent (calcium 

carl)oaate 

0178 

... 

0-)34 

o-ooo 

Nitrogen 



0123 

0-202 

0-092 

(1-132 

1 

Organic carbon 



0-859 j 

- 1 

1-138 

1-435 

Equivalent humus 

... 


1-481 


1^61 

2-47:; 

Chlorine 


> • ( . •« 

0-047 

0-029 

0-0135 

1 

0-007 


As already stated, the soils as a whole conform to a type in 
which the constituents of the clay oi'dev of niagintnde predom¬ 
inate, the actual percentage of agricultural clay recorded, ranging 
from 45*9 to 83*0 per cent. : thivS is a somewhat extensiv<^ 
range and permits of the soil types presented being furth(‘r 
ubdivided. 
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Thus Nos. 26 and 28 approximate fairly eMsely to the same 
physical type from which also No. 29 differs only by possessing 
an appreciable amount of stones and slightly more gravel and 
coarse sand. These types merge into Nos. 80, 31 and 32, which 
occur close together and comprise a not unimportant group of 
cane lands. A peculiar and characteristic feature of these latter 
soils is the high proportion of salt which they contain, due to the 
occurrence in tins region of salt-bearing strata, the sodium chloride 
from which tends by capillarity to accumulate in the surface and 
subsoils. The subsoils underlying these soils are heavy clays ; 
determinations of the sodium chloride content of these subsoils 
show as follows :— 

SUBSOILS. 

No. 80. No. 81. No. 32. 
Chlorine .. 0088 0*177 0*097 

Equivalent ^ 

sodium chloride ... 0 038 0*292 0*160 

The amount of soluble salts present is not usually sufiBcient 
to be actually toxic to sugar-cane but, on the other hand, it is 
large enough to exert a marked deliocculating action on the clay 
particles of which the soils are largely composed, and thus to 
render the soils very liable to puddle in wet weather, and to lose 
tilth in consequence. As a result, these soils require considerable 
care and experience for their successful handling. In this region 
tht^ ocu urrence is by no means infrequent of small isolated patches 
wliieli are incapable of producing canes : these are known to 
planters as saltpeti'e patches and are no doubt due to local 
accumulation of salt beyond the point to which toxicity to 
sugar-cane supervenes. 

The (jharacter and extent of these saline deposits have* been 
fully described and discussed by the author in another place. In 
the present instance it will suffice to say that they occur along a 
line varying in width from J to 1 mile running diagonally across 
the island from west to cast, beginning at Gambles and ending at 
Willoughby Bay, and that their presence becomes most marked in 
the Gunthorpes region as illustrated by samples Nos. 30, 81 and 32. 
Evidence is av^ailablo to show that the saline deposits are not 
merely surface in character but are interbedded with the geological 
strata which outcrop along this line ; it has already been shown 
that this continuation is probably responsible for the occurrence 
of gall patches in the limestone area. Having now considered the 
general features presented by the soils of the central plain, it 
becomes necessary to describe the more important departures 
from the prevailing type which occur throughout this region. 

In the first place it is to be remarked that the region in 
(jiiestion is geologically diversified to a considerable extent, and a 
noteworthy feature is the occurrence therein of localised out¬ 
crops of limestone rock which naturally affect the soil type 
prevailing at the points at which they occur. 


‘ The (Ground Waters of Antigua,' by H. A. Tempany. West Indian Bulletin, 
Vol. XIV, No. 4. 
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Oonoeming the origin of such limestone outcrops opinions 
diverge, some authorities holding that they represent the occur¬ 
rence of limestone strata of considerable age interbedded with the 
noil-calcareous rocks of this region, while others believe that they 
may be outliers possibly faulted of the limestone rocks which 
occupy the northern extremity of the island. 

The effect of such occurrences on the soil type is well 
illustrated by No. 35 which, situated in the southern portion of 
the area in question and corresponding in physical constitution 
to the adjacent non-calcareous soils, yet shows a content of calcium 
carbonate amounting to 29*9 per cent, a state of affairs which is 
capable of considerably modifying the properties of the soil in 
question. Such instances are scattered, but when they occur it is 
necessary to make due allowance for their effect on the prevailing 
soil type. Apart from the instance quoted above, similar 
occurrences are known at Seaforths in the western area, at Bath 
Lodge in the Bendals Valley, and in the extreme south east of the 
Piccadilly lands : these points are indicated on the map attached 
to this paper. As a result such soils become referable to the 
general type prevailing throughout the limestone area. 

PHYSICAL ANALYSIS. 


Stones . 

No. 35, 

Coarse gravel . 

5’7 

Gravel . 

4-8 

Coarse sand . 

4-4 

Medium sand . 

11-4 

Fine sand . 

It) 

Very line sand 

3-3 

Silt. 

(5-3 

Fine silt . 

401 

Clay. 

105 

Organic matter and 

combined water . 

lit) 


99-7 

Agricultural clay. 

500 
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CHEMICAL ANALYSIS. 


Carbon dioxide 

Equivalent calcium 
carbonate 

Nitrogen 

Organic carbon 

Equivalent humus 

Chlorine 


No. 35. 
13-2 


20*9 
0148 
1-072 
1-817 
0 009 


Allusion has already been made to the fact that the line of 
division between the area of the central plai)i and that of the 
so-called volc^anic district of the souih is not w ell marked. 

In effect tlie obsei ved occurrences ai e. those of volcanic 
intrusion tlirough sedimentary rock im;reasing in intensity as one 
proceeds in a southerly direction. 

Tht‘ effect; of such volcanic intrusions r>n the prevailing 
soil type of the central plain is well shown in Nos. 86 and 37, 
which areI’eprcsentative of the region immediately south-west of 
St. John’s, and form the continuation of the area in which the 
prevailing soil type is repr(\sented by No. 27. The sites from 
which the two samples in (piostion are taken are distant from 1 to 
2 miles from that oF No. 27, and the area Forms the direct 
prolongation of this district. The physic^al and (diemical 
charactei'isti(ts of these two samples are detailed below. 

I’HYSK AL ANALYSES. 


Stones 

. No. 86. 

No. 37. 

18*4 

Coarse gravel 

14*1 

9-7 

Gravel 

0-5 

6*8 

Coarse sand 

53 

4-0 

Medium sand 

18-6 

5-5 

Fine sand ... 

1-8 

7 0 

Very fine sand ... 

4-7 

2-5 

Silt. 

7-0 

14-8 

Fine salt ... 

31-4 

27-7 

Clay . 

8-9 

1-5 

Organic matter and combined 
water ... ... ... ... 

5-8 I 

7-1 

Agricultural clay ... 

100-1 

35-3 

1000 

29-2 

Water as analysed 

1-9 

3-8 

Shrinkage per cent. 

36-0 
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CHEMICAL. ANALYSE!*. 


Phosphoric ) sol. in 1 per cent. 

No. 2b. ! 

1 

1 

No. 37. 

anhydride j citric acid 

0*0415 

0*0220 

Potash 

0(t298 

0 0250 

Carbon dioxide 

0*295 

0*825 

Equivalent calcium carbonate ...j 

0*071 

1*875 

Nitrogen 

0*120 

0*157 

Organic carbon 

1*415 

2*608 

Ecpiivalent humus ... 

2*429 

4-497 

Chlorime 

0052 

0-002 


It is ciiliicnilt to imagine, a more eoinpleto contrast- tlian that 
afforded hy the I wo soil types with No. 27. 

Typically they are moderately lij^ht sandy loams with 
appreciably lar^e contents of ^ravtd, medium and fine sand, 
and oontaitiin^ moderate amounts of tim‘ silt and hut little clay ; 
they are both very feebly (ialcareous. Comparison with the soils 
ol the southern area t-o be dealt with subse<|uently shows a marked 
similarity in type' to these latter soils, and the i-esults show in 
sticking fashion the effect of vol<*anie intrusion on th<‘ soil type. 

An important j)ortion of the ct'iitral })lain region (comprises 
what is known as the Bendals Valley area. This consists of 
a lai*g(‘ area of low-lying level land, boundt'd on the south by the 
intrusive volcanic, hills. Here again No. 27 forms a useful "point 
of departure in considering the prevalent soil type. 

The soils of the l egioji are exemplified in Nos. 28, 29 and 40. 
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PHYSICAL ANALYSES. 





No. 38. 

No. 39. 

No. 40. 

Stones . 

... 

... 

0-4 

1-1 


Coarse gravel ... 

... 


11 

0-7 

1-S 

Gravel 

... 


3-3 

1-6 

1-3 

Coarse sand 



25 

1-C 

1-2 

Medium sand ... 



3-2 

3-1 

3-4 

Fine sand 



7-7 

GO 

4-5 

Very fine sand ... 

. 


0-2 

7-8 

8-2 

Silt . 

... 


C-1 

20-2 

10-4 

Fine silt ... 



49-5 

45-7 

57-1 

Clay 

. 


10 0 

.5-1 

5-9 

Organic matter and 

combined 

water 

7-0 

7-1 

0-7 




100-0 

loo-o 

100-0 

Agricultural clay 

... 


39-9 

50-8 

63-0 

Water retained per 
soil. 

lOD water 

free 


♦JO-O 

i 
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CHRMICAL 

ANALYSES. 






No. 38. 

No. 39. 

No. 40. 

Phosphoric /sol. iu 
anhydride ^citric 

1 percent, 
apid 



trace 

0-0039 

Potash . 


.. 


00109 

0 0090 

Carbon dioxide ... 




0-03G 

0-039 

Equivalent calcium carbonate 



0-053 

0-089 

Nitrogen... 

... 


... 

0-111 

0-115 

Organic carbon ... 

. 



0-871 

1-074 

Equivalent humus 

. 



1-502 

1-851 

Chlorine. 

... 



0-001 

0-001 















Physically these soils are typical heavy clays exhibiting 
a great preponderance of the fine silt and clay constituents. In 
many ways tliey resemble the soils of the type exhibited in the 
case of Nos. 80, 31 and 32, but differ from these abruptly in the 
fact that they contain but little sodium chloride, and on this 
account are considerably easier to maintain in good condition. 
Like other soils of the central plain they are very deficient in 
lime, and on this account benefit considerably from moderately 
heavy dressings of lime and marl. 

It is characteristic of these and many other Antiguan soils, 
that they show relativ^ely v^ery small contents of assimilable 
phosphoric acid; but, on the other hand, applications of phos¬ 
phoric acid to crops of sugar-cane in addition to pen manure are 
unproductive of benefit. The reason underlying this is by no 
means clear, but the result has been demonstrated repeatedly. 

Running across the central plain from west to east and 
intersected in places by longitudinal faults are a series of beds 
of flint or cherty matei*ial. The outcrops of these beds are 
narrow and occur as a series of rather steep hills of no great 
height; they give rise to a series of soils comprising a thin surface 
layer resting on the underlying rocks, and plentifully intersper¬ 
sed with stones and boulders. 

These soils are generally recognized as being poor in 
character and are typically covered by spare and coarse vegeta¬ 
tion. Such a soil is represented in No. 41 below. 

PHYSICAL ANALYSIS. 


No. 41. 


Stones 

j 


Coarse gravel 


Gravel 

0-8 

Coarse sand 

20-0 

Medium sand 

31-8 

Fine sand ... 

10 

Very fine sand . 

2-8 

Silt. 

2-6 

Fine silt 

30-4 

Clay. 

5-2 

Organic matter and 
combined water 

5-4 


100-0 

Agricultural clay ... 

35-6 
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OHBMICAIi ANALYSIS. 



No. 41 

Carbon dioxide 

0-015 

Equivalent calcium 
carbonate 

0*034 

N^itrogen 

i 

0*221 

Organ ic carl )on .. | 

2*316 

Equivalent humus 

3*093 


Characiteristically tliese soils are light and easily worked, 
pret^enting a marked contrast to the remainder of the types 
presented in the region. They are fairly well supplied with 
nitrogen and organic matter. Their very shallow nature, however, 
causes them to be of very little value agri(iultiirally, and the 
relatively high nitrogen and humus contents aie the natural 
outcome of their having remained uncultivated for a long period. 

It has already been remarked that the transition in type 
exhibited by the soils of tlie central plain to those of the southern 
area is by no means abrupt, by reason of the increasingly intense 
volcanic* intrusions in the southern region. 

The next thi*ee samples exhibit soils taken from the tran¬ 
sitional region ; of these 42 and ai*e taken from the south¬ 
eastern area and 44 from the south-western distiict. 

PHYSICAL ANALYSIS. 


1 

No. 42, 

No. 43. 

No. 44. 

Stones ... ...[ 


3*6 

... 

Coarse gravel ... ...j 


7*9 

1-7 

Gravel ... ... ..j 

0*8 

9*1 

i'O 

Coarse sand ... .... 


4*7 

1*2 

Medium sand 

8*5 

5*6 

16*6 

Fine sand 

1*2 

7*8 

15 

Very fine sand ... 

2*9 

3*4 

8*6 

Silt . 

4*8 

9*4 

11 8 

Fine silt ... . 

55*9 , 

40*0 

, 45*6 

Clay 

11*4 

1-4 

6*7 

Organic matter and 
combined water 

8*9 

7-1 

7-1 


99-3 

100-0 

101-8 

Agrioultural olay ..q 

67-3 

41-4 

52-3 






CHEMICAL ANALYSES. 



No. 42. 

No. 13. 

' No. 44. 

[ sol. ,in 1 

1 



Phosphoric anhydride -! percent. 

1 

1 

0-0064 

0-0069 

[ citric acid 

1 



Potash . 

— 

0-0169 

0-0145 

Carbon dioxide ... . 

0-21J 

0-037 

0-032 

Equivalent calcium (‘.arbonatc 

0-4«t» 

0-081 

0-072 

Nitrogen.. 

0-216 

0120 

0-125 

Organic carbon .. 

2125 

j 

1-132 

' 0-965 

Equivalent humus 

3-672 

1-952 

' 1-664 

Chlorine ... 

— 

0-001 

0-011 


Physically No. 42 up|)roac*lu*s somewhat closely to the types 
♦nieountered in the more central portions of the central plain 
area; the sample is taken fiorn a considerahle area of Crown 
land which was for many years derelict, hut of recent years was 
cultivated to some extent in (u)tton. 

No. lo is much ligliter in texture than No. 12 and shows 
resemblance to No. 37, although the proportion of fine silt con¬ 
tained in it is markedly higher. 

No. 14 exhibits very well the transition in type from that 
prevailing in the Bendals \"alley area to those of the more 
southerly localities. All these soils are non* calcareous 
and show characteristically very small amounts of available 
phosphoric acid and fair supplies of potash. 

To sum up, the soils of the central plain vary very consider¬ 
ably in character; near tlie limestone outcrop they may be 
markedly calcareous, but in the more central i-egions they are 
stiff and heavy, and require considerable artificial drainage ; they 
bake hard during dry weather and are apt to become water¬ 
logged during wet seasons. The}" rccpiire liberal manuring and 
thorough tillage to maintam their tilth, while applications of 
lime are frequently of benefit. 

Departures from this prevalent tyj)e ant of frequent 
occurrence owing to the geological outcrops which are verv 
complex. The cjhief of these may be summarized as loc^al outcrops 
of hmstone, the occurrence t)f beds of a flintv character, and 
volcanic intrusion which beconu' increasingly intemse as one 
proceeds in a southerly direction. 

In general the prevalent type of soils is capable of giving 
good returns under cane cultivation, provided care is taken to 



OS 

preserve the tilth; failure in this respect is liable to prove 
disastrous. Many of these lands are unsuited to cotton culti¬ 
vation owing to their heavy character, but important exceptions 
to this are seen in the case of the districts of which the soil type 
is illustrated by Nos. 36, 37 and 43. 

The average physical composition of the principal types 
encountered is illustrated diagrammatioallv at the end of this 
paper. 

Soils of the Southern District. 

The characteristics of the soils of the southern district of 
Antigua are illustrated in examples Nos. 45 to 52. 

PHYSICAL ANALYSES. 



No. 45. 

No. 46. 

No. 47. 

No. 48. 

Stones . 

~ 

2-4 

2-0 

6-5 

Coarse gravel 


5-9 

77 

12-7 

Gravel . 

8-2 

71 

11-3 

12-8 

Coarse sand. 

30 

4-2 

6-2 

4-9 

Medium sand . 

10-6 

12-4 

17-3 

9-9 

Fine sand . 

1-4 

5-3 

5-9 

4-1 

Very fine sand . 

63 

9-7 

8-7 

10-7 

Silt . 

10-0 

9-0 

12-6 

15-6 

Fine silt . 

, 36-5 

28-3 

21-8 

15-9 

Clay. 

i 7‘4 

9-7 

— 

2-4 

Organic matter and combined 
water . 

1 

7-5 1 

.... ... 1 

6-0 

6-5 

4-5 


991 

100-0 

100-0 

100-0 


No. 45. 

No. 46. 

No. 47. 

No. 48. 

Agricultural clay 

43-9 

38-0 

21-8 

18-3 

I 

Water retained by water 
free soil . 

1 •• 

43-8 

... 



I 
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PHYSICAL ANALYSES.- (Coyitimied). 



No. 19. 

No. no. 

No. 51. 

No. 52. 

Stones ... . 


... 

10 


Coarse gravel 

18-5 

HI 

10-0 

9*2 

Gravel . 

IM 

9-4 

90 

8*1 

Coarse sand ... 

6o 

81 

7 5 

5 7 

Medium sand . 

11-9 

17*2 

200 

Krl 

F’iiie sand 

8 *7 

.1-8 

8-5 

2-1 

Very fiue sand . 

5-9 

77 

0-5 

(>•1 

Silt . 

:j-5 

7-0 

91 

87 

Fine silt .1 

21*8 

:i2*9 

28-0 

81*2 

Clay. j 

()-0 1 

5H 

5*:) 

1*8 

Organic matter and 

combined water ... ..' 

i 

5 2 j 

1 

8*9 

7*H 



ii:>u 

9!1 1 

, 99-9 

Agricultural (?lay ... ...1 

27-8 

:58-.> 

291 

8H-0 

Shrinkage per cent. ... ...j 

■ 


HO 



(.HEMK'AL ANALYSES. 



No. lo.iNo. IH. N 

1 

Phos])liorie [ sol. in 1 

i ' 

I 

anhydride - 1 ])er eont. t . 

o-o(»s:j 'o-(ii((r> > 

[ citric a<'id ) 

' i 

Potash ... 

0.0-121 ()(tl82| 

(yarbon dioxide ... 

j 

<H)22 i (1(12:) I 

1 

Equivalent calcium carbonate | 

0'(I,")(I 

, j 

I 

Nitrogen 

0 211 'olio. 

Organic carbon 

2-010 , 1182| 

Equivalent humus 

2-o:J8i 


Chlorine 


o. 17'No. 18. No. 10. 


;0(>2I0 


:U<‘2(; 

I 

jO-OoS 

j0-2:]2 

il*hU5 

2*7H7 


lOOJH 
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ClIifiMIOAL 

j .s<»l. in j 
1 ]Hn* cenf. . 

( cit l ie a(*!(l I 

l*nt.‘isli . . ... ... . . 

C:irl)on ... 

valent eaUauni (*arl)naat(' 

... 

()i*(Tani(‘ oarhon ... 

K<juivalent Inimiis 
ChloriiK* ... 


ANALYSES- 


No. r.(i. 

No. 51. 

No. .52. 

(to 170 

1 

o-Odrjfj 

0-0352 

0•(I2.78 

1 Got >50 

00750 

0-21S 

1 0-072 

0-000 

O-lOO 

OKM 

0 204 

0-130 

0-129 

O-2R0 

1115 

1-082 

2-531 

J l-()22 

1 ‘^{y\ 

4-303 

J (1-012 

b-()05 

: 0-011 


It will he .seen that all of them appi'nxiinate Tairly closely to 
one pliysical t 3 q)e, i]i \vhi(*h the larger ami tlie smaller particles 
arc‘ neai ly balanced. (_’hai actei-istically they are, as a whole, of 
a decidedl^Mle.sirahlc' type, hoin^ easy to work, nioderatel}^ reten¬ 
tive (jf water-, and V(‘t- di-ainin^ freely. They ai*e all non- 
(-alcareons ; in general the ma jority of t he cultiyahle lands in this 
:ir(‘a (ionstitnte a snc(M\ssion of valh-y bottoms of considerable 
(-xtent, flanked ))y hills of moderate height, and in im st cast's 
slo])ing down vc'rv gentl\' to th<‘ sea. 

in con.st'tjiKnt't^ the mitural water-table is as a rnle, not yery 
far below the snrfac-t', while the rainfall 1"-^, as a whole, hight'r in 
this region than in any other* j>ar’t of the i.slaml. 

Por rnan^' yt'ars the majority of these lands Avere abandoned, 
tlu'y having been among the fir*sl to go out of cultivation wht'n 
tlu' dt‘pi*ession of sugar prii^es st't in. The r*eason for this is 
somewhat difhc.ult t.o st'e, but is probabh^ to bt- attiabiited to 
diflieulth'S ol transport. 

(.)f latt' \’ears there has been a detadetl tendency to exploit 
this area for* the cultivation of cotton, lirne.^, and coco nuts with, 
on the whole, maihedl}' successful results ; tlu* conditions 
generally being w(-ll ada|)ted to (;oco-nut cult.ivation e.specially, 
and there is uirdoubtedly I'oom for considerable deyt'loprnent in 
the.s(i and otlu'i* dira'clion.s. 

Th(* gener'al physical type pr’cvailing in this area is illus 
t.raied dia.gi*ammatically at the end of this paper. 

In ('oncluding this account of tire distribution of the piancipal 
soil tyi)es obtaining in lh(* island of Antigua, it may be })ointed 
out-tint no attem])t lias ber'ir made to discuss in detail the soil 
(-ondit ious oef-urihig at any point ; sucli (juestions rather concern 
the ostate owjK'i* and are out of jdace in a general soil survey. 

l\)pulai* conceptiou as to the value of soil anah ses is by no 
means elear at the [u esent time ; it should he understood that by 
itself analysis of a soil \s incapable of affording information of 
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any very great value : it reqiiries to be correlated with experience 
of the practical cultivator for its usefulness to be appreciated. 
When an intelligent effort is made to accomplish this end, really 
valuable conclusions may often be arrived at. 

Tlie value of a general soil survey, of which the foregoing 
constitutes an example, lies in indicating on general lines the 
areas over which certain soil types prevail, thereby affording a 
rational insight into the problem sin soil inanagement confronting 
local agriculturists, and assisting them to a better understanding 
of the position. In addition it affords a means of forming a 
judgment as to the suitability of the soils of different districts to 
different crops. 

In a small island such as Antigua, the wide diversity of 
soil types encountered is indeed remarkable, and in addition to 
the points already mentioned, a survey such as this should pi^ssess 
a value as indiciting in a detailed manner tlie nature and the 
extent of the variations encountered. 

In the following table the moan pliysical composition of 
the principal soil type^ enc aintcred in the island of Antigua are 
get out, and also dis{)layed in diagrammatic form. 

In all seven principal typc.s ar^. eiicouiiterH?d, and their general 
distribution is also indicated on the aeconn>anying map ot* 
the island. 
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A METHOD OP SPONGE CULTIVATION AND ITS 
PROSPECTS IN THE LESSER ANTILLES : 

WITH NOTES ON OTHER POSSIBLE SHALLOW-WATER 

FISHERIES. 

BY W. K. DUNLOB, 

Scientific Assistant on the Staff' ot* the Imperial Department 
of' Agriculture for the West Indies. 

Circumstances that Justify Experiments. 

Within the last fiv^e years the Im}»erial Department of 
Agriculture has given consideration on several occasions to the 
possibility of introducing sponge cultivation into certain islands of 
the Lesser Antilles. Such islands include those like the Gren¬ 
adines, Antigua, Barbuda, and certain of the Virgin Islands where 
sheltered lagoons exist, and where an industry supplementary to 
a somewhat meagre agricultui*e would be of great economic value. 

In 1910, the Administrator of 8t. Vincent (the Honourable 
C. Gideon Murray) caused specimens of sponges to be collected in 
the Grenadine waters and foi-w^arded to the Imperial Institute 
for examination. As most of these were not favourably reported 
on, this Department communicated with the United States 
National Museum at Washington on the subject of introducing 
better varieties from Florida or the Bahamas, This resulted in 
correspondence with Mr. H. F. Moore, of the United States 
Bureau of Fisheries, M^ho furnished this Office with valuable 
information, including that concerning artificial sponge cultiv^ation 
by means of cuttings. Mr. Moore stated that wliile live material 
could doubtless be imported satisfactorily into these islands, it was 
possible that the varieties might tend to revert to inferior quality 
sponges unless the new environment corresponded with that of 
the original habitat. * Sponges,’wrote Mr. Moore, 'are to an 
extraoi^dinary degree creatures of environment, and the imported 
specimens soon approach the native sponges in (juality.’ As 
most of the species found in these waters are not of high quality, 
this to some extent caused an arrestment of the cmiuiry, though 
it was felt that Mr. Moore’s successful experiments with cuttings 
in Florida were well wortli repeating locally. It was not until 
the beginning of the current year that the subject definitely came 
up again as the result of a letter received from Mr. G. Whitfield 
Smith, Coimnissioner of the Turks and Caicos Islands. In this 
letter Mr. Whitfield Smith gave a brief but suggestive account 
of what was being done in the matter of cultivating sponges 
artificially in those islands. It appears that the cultivation by 
cuttings is proving a financial success in one of the Caicos Islands, 
and as the conditions obtaining in the surrounding waters are 
not dissimilar to those existing in parts of the Lesser Antilles, 
this Department has felt that it is now justified in bringing the 
matter m some detail to the notice of Colonial Governments. 
More recently, Mr. Whitfield Smith, at the request of this 
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Department, has furnished more detailed information which 
includes a report on sponge culture in the Turks and Caicos 
Islands in lUi2, by Mr. F. li. Watkins, I.S.O., formerly Commis¬ 
sioner of tl)ese Dependencies. Persual of this report makes it 
appear that, on the whole, the quality of the sponges occurring 
naturally around the Caicos Islands which lie north of San 
Domingo are superior to those found further south in the waters 
of the J^esser Antilles, a circumstance whicli is to be borne in mind 
in connexion with Mr. Moore’s statements. Still this is not 
dehnitely established, because the Lesser Antillean waters have 
not been carefully surveyed. Moreover, marketable sponges of fair 
(juality are found oil the coasts of Bi-itish Honduras and Venezuela 
where the euvironineiit is much less like that of the Caicos than 
of parts of the Lesser Antilles. Further, Mr, Moore himself 
states* that although ‘it is almost certain that sponges trans¬ 
planted . . . will not retain their original characters it does 

not follow that they will be inferior. It is even possible that with 
judicious selection localities may be found where the transplanted 
products may prove superior to their fellows at home/ 

We are therefore led to believe that it may be possible to find 
localities in the Lesser Antilles where the cultivation of com¬ 
mercial sponges can be successfully prosecuted. The first tiling 
to tie done is to select the most likely localities and then import 
material for the purpose of demonstrations, which might be 
conducted by the Government. iSuch demonstrations are believed 
to be justified 

, (1) By the siiceess that has attended the artificial rearing of 
sponges in the Caicos where tliere is considerable similarity of 
natural conditions between the islands and many of the Lesser 
Antilles; 

(2) By the profitable nature of the industry and the increasing 
demand for sponges! ; 

(3) By the urgent need for new industries in certain islands 
where agricultural prosperity is not great. 

It may he added that in conducting the suggested experiments 
with sponges, consideration should he given to the possibilities of 
developing other marine resources in the same l()(,*alities. This 
has been done in the Caicos Islands with great success. 

The Living Sponge. 

Before proceeding to describe the method of sponge culture 
which forms the basis of this paper, it may be well to give an 
account of the nature of a living sponge, because an appreciation 


*A Practiiul Method ot Sponge Culture, p. oSl. HulUtln of TJ,S,A» 
Bureau of Fiaheries, (Vol. xxviii. 190S). 

1 The special Supplement to the London Chttuihcr of Connnet'ce Journal 
entitled ‘ Trade Products of the British Empire’, July 1915, states :— 

‘ The deniund tor sponges, espeeially toi those used in arts and industries, 
IS ronj-tantly increasing and exceeds the'supply. Already substitutes, such as 
loofah and rubber, are being sold, Imt they cannot adequately leplace sponges 
for domestic and other purposes. There are clear indications that, within 
a short time, a serious de))letion of beds, wlieie the tishery is piosecuted with 
success, will arise.’ 
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of its biological characteristics is necessary before attempting to 
cultivate it. This purpose cannot be better served than by 
quoting Mr. H. F. Moore’s plaiii-worded description in the 
oulletin of the United States Bureau of Fisheries, Vol. XXVIII, 
1908 

‘ To most persons familiar only with the sponges of the shops 
the animal as it comes from the sea would be entirely unrecog¬ 
nizable. It is a solid looking, rather slimy-feeling, fleshy body, 
varying in colour from light-greyish yellow through a consider¬ 
able range of browns to black, and in form either cup-shaped, 
spheroidal, or cake-shaped according to the species, its age, or 
the environment in which it grew. In general, in appearance 
and consistency and the manner in which it cuts with a knife, a 
living sheeps-wool sponge is not unlike a piece of beef liver, 
perforated with holes and canals. 

‘ The sponge of the markets is merely the skeleton, the sup¬ 
porting framework, which gives strength and form to the soft 
gelatinous tissues of the living animal. It is composed of a 
substance similar in general chemical and physical properties to 
silk, horn, and chitin, the basic material whicdi forms the shells 
of insects and crabs. This material is distributed in a fibrous 
network, usiiallj^ in accordance with a definite general pattern in 
each species ; the diameters of the fibres, the sizes of the meshes, 
and the relations existing between the several parts lying within 
more or less well-fixed limits. In addition, the main fibres always 
contain more or less, foreign matter, sand grains, spicules, etc., 
embedded in their substance in the form of a core. 

‘ A casual examination of the living sponge will show it to 
be covered by a well-defined skin raised at more or less regular 
intervals into blunt little cones over the ends of the skeletal 
fibres, by which it is supported. Distributed over the surface, 
sometimes rather generally, sometimes locally, are sieve-like 
membranes, whose small pores lead into cavities lying just below 
the skin. From these cavities canals lead into the substance 
of the sponge, opening by numerous minute pores into as many 
small pear-shaped chambers, which from their opposite ends dis¬ 
charge through larger openings. If the canals leading from 
these could be followed, it would be found that, uniting with their 
fellows, they gradually increase in diameter until they open upon 
the surface of the sponge in one of the large conspicuous pores 
known as ‘‘ oscula”, or, as the spongers call them, “ eyes”. The 
oscula are sometimes more or less generally distributed, sometimes 
localized, according to the species, and each is surrounded by a 
smooth membrane capable of expanding or c;ontracting in such 
manner as to vary the size of the opening. 

‘ This canal system is one of the most important organs, as 
well as the most characteristic feature of the sponge. It is the 
sole means of feeding and practically the sole means of respiration. 
Its method of functioning is as follow.^: The pear-shaped 
chambers described above are lined with cells of a. peculiar char¬ 
acter, collar cells, as they are balled, each provided with a little 
lash or cilium projecting into the chamber and beating rhyth¬ 
mically in such manner as to set up a current in one direction. 
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I'he mechanical effort of each is feeble, but the joint action of the 
untold numbers of such cells in a sponge sucks water through 
the small orifices in the surface, first described, into the ciliated 
chambers, and in turn forces it into the successively larger canals 
until it finds vent through the oscula The water with its con¬ 
tained food and oxygen, therefore enters the sponge through the 
small supeificial pores and leaves it by the large ones. Excluding 
from consideration the foreign bodies, shells, coral, etc., which 
the sponge often overgrows and surrounds, the whole interior, 
save the skeleton and spaces of the canal system, is occupied by 
tissues which are neither of many varieties nor strongly difieren- 
tiated. There are certain cells called “ spongo-blasts ” which 
secrete the material of which the skeleton is composed. Collar 
cells and othef epithelial elements line the ciliated chambers and 
the several canals with which they are in communication. The 
outer surface and the subsuperficial or subdermal surfaces are 
covered with a single layer of fiat cells. 

‘ The main portion of the fleshy part of sponges is made up 
of what is known as ground substance, a jelly-like material, 
similar to that found in the umbrella of jelly fishes, without 
cellular structure, but containing connective tissue cells. Muscle 
cells are found in the skin, the canal walls, and the membrane 
around the peripheral pores, and nervous and sensory cells 
occur in association with them, an explanation of the limited 
sensitiveness and contractility which are noticed in handling live 
sponges. 

‘ Concerning the life histories of commercial sponges we 
know but little. In some species, at least, the sexes are separate, 
the females greatly preponderating, and the young are produced 
mainly if not solely from eggs. The young are, for a time, 
minute free-swimming organisms which may be carried consider¬ 
able distances by the currents, and they are still very minute 
when they at last settle down for permanent attachment. At 
this stage, like oyster fry, they are liable to be covered and 
suttbcated by comparatively thin deposits of sediment, and the 
object to which they can successfully attach must be hard and 
clean. It follows from this and from the fact that much of the 
sea bottom is more or less covered with soft deposits, however 
thin, that a vast majority of the young sponges fall on unsuitable 
bottom and are lost. This accounts in many cases for their 
irregular and sparse distribution on ni^tny rocky bottoms which 
superficial examination would indicate as favourable. The natural 
bars are undoubtedly capable of supporting a much heavier 
growth than they usually beai*, and if partially grown sponges 
could be placed on them, as is proposed in the system of sponge 
culture elsewhere described, their productiveness could be enor¬ 
mously increased, as these deposits of sediment, fatal to the spat, 
would yrove innocuous to lai*ger individuals. 

‘ The rate of growth of sponges under undisturbed natural 
conditions is not definitely known, but the experiments recount¬ 
ed in another connexion indicate that it is slower than is generally 
supposed by the spongers. There is very good reason to believe 
that the average annual increase in diameter of sheepswool 
sponges in Florida waters is not greatly in excess of 1 to IJ inches. 
The rate varies somewhat in different localities and under differ- 
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ent couditions. Th^ average 6 iiich sponge is probably, not 
far short of four years old, thougii possibly the early growth may 
be more rapid than the experiments indieated for later stages. 

‘ Commercial sponges are very susceptible to the influences of 
environment, and when transplanted from one place to another 
speedily change in character. If grown in the midst ol vegetation 
they become coarse and open in texture, of irregular shape, with 
long superficial pKJcesses and protuding oscular tubes. If raised 
high above the bottom the texture becomes more dense than that 
of neighbouring bottom-grown specimens. Individuals suspended 
artificially on wires or growing naturally on gorgonians (sea 
featliers) tend to become spherical, and those torn loose to roll 
freely over the bottom assume the same shape, but develop harsh, 
very tough surfaces, 

‘ The commercial sponges of Florida, especially the sheeps- 
wool, yellow, and velvet sponges, can not live in water which falls 
for any considerable period much below oceanic salinity. Obser¬ 
vations made ill connexion with sponge culture and on the natural 
beds indicate that the allowable minimum of salinity is reached 
when the water falls to a specific gravity of about 1*019 or 1*020. 
Esposure to the air is tolerated for (jonsiderable periods, especially 
during cool weather, and sponges grow naturally in situations 
where they are occasionally hared at- low tide. From this 
extremely shallow water, t he distribution of commercial sponges 
in Florida extends certainly to depths of 110 feet and probably 
to miudi deeper water, as in the MediteiTanean, where they range 
to a depth of 500 to 600 feet. Of the food of sponges practically 
nothing is known. That it is taken in through tlie canal system, 
and that it must be in a finely divided state is practically certain, 
but of what it consists and by what tissues it is absorbed is 
unknown. The so-called “ roots ” of sponges perforin no othei* 
purpose than that of anchorage, and are not special organs of 
nutrition like the roots of plants. 

‘ There appear to be few, if any, important natural enemies 
of commercial sponges, though perhaps they are subject to 
tJie attacks of microscopic organisms, producing certain 
epiderrii(js whicli are ordinarily attributed to other causes. 
Crabs are often found in cavities burrowed iu their substance, 
but despite popular b *lief to the contrary, I do not think that 
the chambers are actually excavated by the crabs. They 
probably find them ready-made, and when they crawl in the 
pre.ssure of their shells prevents filling up. or possibly expands 
the c;avity.’ 


IlEQUlHITES OF A COMMERCIAL SpONGE. 

The (pialities of the skeleton affecting the commercial value 
of sponges are colour, size and shape, softness, fineness, durability, 
resiliency and absorptiveness. 

emoUB. Intrinsically colour is the feature of least 
tance, though for aDsthetic reasons colour influences the price. 
For toilet purposes a pale yellow is demanded, which is generally 
produced by artificial bleaching. 
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SIZE AND SHAPE. The most desirable size depends upon the 
purpose to which tlie sponge is to be put. Those for medical 
purposes must be small, for toilet purposes medium (e g. 6 inches 
111 diameter), for cleaning vehicles large. Whatever the form of 
the sponge, to be of commercial value it must be regular, more 
or less massive, and free from long processes and digitatioris. 

SOFTNESS. Generally speaking the softest sponges are the 
best. The quality of softness depends upon various anatomical 
characteristics connected with the fibres. Those in which the 
fibres are laden with sand are invariably harsh. 

FINENESS. This depends n})oii the degree of openness of 
structure. Environment is often the determinating factor. 

TOUiiHNESS AND DURAHII.ITY. Loose f pen-*extured sponges 
tend t » break down quickest, but durability is to some extent 
dependent on the cliemical properties of the sponge irrespective 
of its structure. 

RESILIENCY. This is a most important, quality of the 
commensal sponge. A wet sponge wlnn compressed should 
quic‘kly ret urn to its original shape. Resiliency depends upon 
sti‘U(‘t.nre, and also upon tlioroughness and manner of cleaning. 

arsorptiveness. This quality depends upon a combination 
of softness, fineness and resiliency, and is the fundamental property 
upon which the usefulness of a sponge depends. 

The Commercial Varieties op Sponges. 

It appears that hotli the scientific and commercial classifica¬ 
tion of economic sponges is so confused and mutually contradic¬ 
tory that it is not possible to infer from the scientific name of a 
species or variety its commercial value nor conversely to place 
a sponge having a certain commercial designation under any one 
specific name. As aln\ady pointed out. sponges are extremely 
plastic animals and very susceptible to the influeiices of 
environment. 

Our present objective being entirely economic, it will serve 
best to give a brief account of tlic characteristics of the principal 
commercial groups, for which purpose the valuable information 
given in Moore's monograph has been largely drawn upon. 

SHEETS WOOL SPONGES. These are found principally in 
Central American waters and are regarded by Moore as chiefly 
belonging to tlie variety of HtppoHpomjia canaliculaiay var. 
goasypma. The surface of the skeleton is characteristically tufted. 
These sponges grow to a large size, 18 inches or more in diameter, 
and are soft, absorbent, very durable, and of good shape. They 
fetch the highest prices on the market. The colour of the living 
sponge is black becoming V)rowni8h at the base. They are very 
sensitive to environment. 

YELLOW 8PONGE»s. Under this name are known sponges 
of several different species and varieties. Yellow sponges are 
highly elastic and resilient, and drain freely, but they ai^e less 
durable and soft than wool sponges. In the living condition they 
have smaller surfaces than the sheeps wool, and are very dark 
brown on top, becoming yellow on the side. 
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VELVET SPONGES. The surface ol* these lacks the pointed or 
edged tufts of sheepswool, and these sponges, as the name im[)lie8, 
are very soft. Tliej^ are however not so ahsor})ent and com¬ 
pressible. The upper surface of the commercial sponge 
18 characterized by one, two or three large vents. 

They come next in value to the slieepswool, tlioiigh not 
differing much from the yellow in price. 

GRASS SPONGES. All of these are inferior in (juality, lactking 
durability and being generally harsh to the touch, or if not 
exceedingly tender. 

GLOVE SPONGES. This is also an inferior sort.. They can 
be re(;ognized by their (tolumnar shape and tinted sides. 

RKEF SPONGES. Most i*eef sponges appear to belong to 
Eusjiongia officinalis, var. rotunda, which embra(^es many sub¬ 
varieties. Reef sponges are of varied shape but (tompara’ively 
uniform in (|uality and in tlie appearance of the sin-face, whirdi is 
a fairly even network including numerous small holes averaging 
about ^^,^-in(‘h in diameter. Reef sponges are low pri(*ed, and are 
used as desk sponges and for surgical purposes, and for various 
2 )urposps in the arts which recpiire a soft sponge of no great 
durability. 

Reef sponges are found off t.he coasts of Florida, Bahamas, 
Cuba, Haiti, Turks Islands, and British Honduras. 

OTHER KINDS OF SPONCiES. Under this heading may be 
mentioned Hardhead, Wire (sometimes termed bastard sheeps¬ 
wool), Turkey Cup, Turkey Toilets, Ziniocca, Honeycomb, and 
Elephant-ear, most of which are confined to t he MtMlitia-i-anean. 

Hponges ov the Lesser Anttlle'j. 

Our information is very meagre on this subject. Mr. Moore 
states that, zoologically considered, the best American sponges 
have a range as far south as the (xrenadines. Those that were 
collected however in 1910 and forwarded to Loiuh)!! for identifi- 
(iatioii did not comjirise the best Americaii kinds. These 
specimens however were merely picked up on the beach and 
cannot be cionsidered representative. The list is given herewith:— 

LIST OP SPONGES COLLECTED IN THE (mENADlNES. 

(1) Hippospongia rnnnlicnlrd((, var. microinba, Leudpiifeld, 

(2) Hippospongia canafirulafa. var. clastira. Tjeudenfcld. 

(3) Hipposjmigia dura, Leudenfeld. 

(4) Sjnnosella sororia (Duchassaing, Michelotti), var. 

dilatata, Dendy. 

(5) Spinosella uia.rinia, Dendy 

(0) Agelas dispar. (Duchassaing, Michelotti). 

(7) Hircinia sp. 

(8) Stelospongia sp. 

(9) A Ohalinid sponge. 

Samples (1) and (2) were stated to represent varieties which 
should find a market when properly prepared. Sample (3) 
though belonging to the genus which supplies the common bath 
sponge was far too hard and inelastic to be of use commercially. 
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The present writer has obtained some information on the 
sponges of Barbados from the Rev. N. B. Watson. It appears 
that within tlio reefs wliich occur on tlie Windward coast only 
siliceous sponges of no commercial value are found. Outside, 
however, in deeper water, the quality improves and specimens of 
bath sponge have been collected. 

In considering the foregoing it should be borne in mind that 
the search for sponges has so far been merely casual, and such 
facts as we possess may not give a true impression of the natural 
fauna. 

It is fairly evident, however, that a sponge industry can only 
be creat ed by artificial means. The method which gives promise 
of greatest success is the cultivation of imported varieties from 
cuttings. 


Propagation of Sponges from Cdttings. 

Several methods of rearing sponges artificially have been 
tried, })ut the most, satisfactory so far has been by means of 
cuttings. The advantages of this method are its simplicity, 
reliability and cheapness. Briefly it consists in the cutting up 
c»f ‘ seed ' sponges into small portions, which, placed on suitable 
supports under suitable conditions will att ach themselves and 
regenerate. It is important to bear in mind that the method has 
passed the experimental stage and that it actually constitutes 
an industry in the Caicos Islands of tlie West Indies. 

.SEED SPONGES. 

For seed any healthy sponge may he used, whatever its 
shape or size. Quality however is important, just as it is in 
connexion witJi vegetable (mttings in horticulture. In obtaining 
seed sponge for planting in the West Indies it will first be 
necessary to decide upon the varieties most, likely to prove 
successful. This will depend upon the localities it is intended to 
utilize, though in a general way it would no doubt be found 
advisable to import the sHeepswool and the reef sponges as 
grown from cuttings in the Caicos. 

In order tliat live ftponges may survive transportation over 
long distances, they must be kept moist and cool. Moore states 
that under these conditions, .and provided oec^asional refreshing 
baths in sea-water of oceanic salinity could he given, little difficul¬ 
ty should be experienced in carrying specimens as far as from 
the Mediterranean to Florida. 

CUTTINGS. 

In the Florida experiments the cuttings first used were too 
small. The employment of minimum sized pieces was based on the 
generalization that a large number of cuttings will in a certain time 
attain a total volume much greater than that attained by the or¬ 
iginal sponge, while, the increase attained by the sponge cut up 
into a smaller number of larger pieces will not be so great. But the 
use of very small cuttings presents difficulties of culture, 
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and it was found necessary, therefore, ‘ to effect a compromise 
between the theoretically economic advantage of employing small 
cuttings and the practi cal biological superiority of large ones.’ It 
was tinally established that pieivs about 1| by 2i by o inches or 
approximately the same volume were the best! 

In performing tlie operation the rools of the sponge should be 
first cutaway with a serrated knife The soft material remaining 
should then be placed on a wet board and cutup with an ordinarj^ 
butcher's knife, care being taken to ket^p the knife sharp and 
moist. 


AiTACHMENTS. 

The provision of satisfactory supports for the cuttings is one 
of the chief problems in sponge (julture. After extensive trials 
in Florida, ccmenc fliscs and triangles for the suhstratuin, and 
lead and aluminiiun foi- t he metals to hold the cuttings in place 
have been found most- serviceable, TJio discs employed are 
10 iiK'hes in diameter and about inches in thickness. 

They can be made locally. The discs arc moulded in iron 
rings laid cm sand, and the moulds are removed as soon as the 
cement (1 of cement to II or 1 of sand) has set, and before it 
harJens. Removnl from tlic mould is facilitated by running 
a thin-bladed knife around the inside to l)reak adhesion. The 
attachment holes are made by thrusting an iron rod jj-incli in 
diameter into the cement befort? it liardens. In Florida these 
discs can be niad(‘ by this method for l<.‘ss than 2 eenis eacli, 
including material and labour. 

One disadvantage of cement discs and triangles is that they 
lend to bury on sand, marl or soft mud. When moss or short 
grass covers a sandy hotloni they answer admirably, and 
imndeiitally the presence of vegetation so long as it does not 
envelop the sponges is very henelicial t.:> growth. It may he, 
however, that on some (U' the firm sandy bottoms of West Indian 
lagoons the tendency to bury may not be very serious. This 
will refpiire investigation. Shiftiim sands carried, by currents 
tend to deposit in tlie eddies on the lee side of the distjs and 
t-ventually pile up around the base of the sponges and kill them. 
To obviate this dilliculty tlie cuttings ina}' be attached near the 
to]> of spindles placred in tlie discs or triangles. This allows a free 
flow of currents beneath. 

iSinee the above was written further information lias been 
received from the Caicos Islands to the effect, that slabs of coral 
answer the purpose of supports equally as well as cement discs. 
This greatly reductes the cost of production. 

PLANTING. 

It has been found in Florida that the use of spindles referred 
to above, accelerates the speed of planting A number of cuttings 
are ‘ threaded ' on a grooved needle which fits the point of the 
spindle, and on this the cuttings are impaled. The discs are set 
out at the rate of from 1 to 5 pei’ square yard, the density 
depending upon the extent of the planting and the amount of 
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food material contained in the water. Generally speaking it is 
found best not to exceed 1 or 2 per square yard. 

RATE OF GROWTH. 

Moore gives the average annual increase as being about 
0*8 inch, and growth is fairly uniform up to the end of the four th 
year. He does not mention, however, what variety or varieties 
ills experiments were conducted with. In the Caicos, Mr. Silly, 
a successful grower of sponges from cuttings, has found that in 
the case of Reef and Yellow varieties the harvesting begins 
twelve to eighteen months after planting, while in the ease of 
Wool and V(‘lvet sponges three to four years after. With 
proper care the rate of mortality should not exceed 5 per cent. 

HARVESTING. 

In the experiments dealing with attachments, a wire method 
of suspension from stakes was tried but did Jiot give iiiiudi satis¬ 
faction ; it possesses one advantage, lu»wover, in tlial ]iarv?sting 
is simplified, for all that is necessary is to detacli the wire at one 
end and slide the sponges off. With hoi tom planting on discs 
or spindles the method of harvesting will vary with the depth 
of water. In comparatively shallow wat(U* the (a*t)p (jan he 
taken up into a boat by meano of liooks, but in deep water it 
will be necessaiy to employ divers. It is imjiortani to remember 
that the operations of harvesting and replanting (tan be 
eoonomicallv combined. Both operations a.r(‘ greatly ac'tnderated 
b}^ the employment of a motor boat. 

( URING AND MARKETING. 

It is not necessary to enter into the subjeett of cairing in any 
detiiil. The live sponges are killed by exposure and are placed 
in ‘ crawls ’ or ‘ kraals,’ to macerate. After a few days tlie 
remaining organic matter which has not left the skeleton is 
squeezed out under water. Wlien dried the sponges are trimmed 
and baled for export. It is important to bear in mind that with 
sponges raised on discs from cuttings, no trimming or clipping 
is necessary, the shape being symmetrical. This prevents much 
loss, f he extent of which in the case of naturally grown sponges 
can he seen by visiting any sponge yard. 

The present market for West Indian and American sponges 
is New York. The import duty on sponges is 10 per cent. 

Financial Asi’Ects of Spongi^ Cultivation. 

The economic conditions attendant on the investment of 
capital and energy in sponge cultivation and allied concerns 
diner from those we are accustomed to consider in the case of 
^riculture. Ihider the unexploited conditions obtaining in the 
West Indies, there is no rent to pay, and the area open for 
investment is practically unlimited. Then in such an industry as 
sponge rearing there are no recurrent expenses—like the weed¬ 
ing and manuring in the case of agricultural operations. 
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For a long time such an iiuiustry must be essentiall}’' 
‘ extensive ’ rather than ‘ intensive and we can afford, within 
reasonable limits, to set aside coj\siderations in regard to the 
area occupied in obtaining the maximum return from a certain 
amount of invested capital. 

The above circumstances explain wliy it is such an industry 
as sponge growing sliows promise of yielding high profits. 

In proceeding to (consider in detail the ex]jenaes and returns 
to be expected in sponge cultivation, we may take first 
Mr. Moore’s estimates, wliich refer to Florida in 19()8. These will 
be found perhaps of greater interest than value from our present 
point of view. They show what it cost pei' acre to raise sponges 
m the original Florida experiments and also the value, at that 
time, of the crop obtained. 

PJuORIDA. Moore gives figures showing the cost of planting 
1 acre with sponges on plain discos and spindled discs, respectively, 
at the rate of one cutting per scpiare yard. He assumes that 
during four yt-ars' growth 29 per cent, of the original cuttings 
die, and the discs to wliicdi they are attached are lost owing to 
their inconspicuousness. Moore's estimates may be conveniently 
expressed as follows 


Foi* plain discs :— 

4,840 cuttings, at 2c. ... ... ... $90‘80 

968 discs lost (2t) per cent, at 2c.) ... 19 36 

Labour, planting, fifteen days, at $2 ... 3000 


$14616 

For spindh d discs :— 

1,840 cuttings, at 2c. ... ... ... $96’S0 

968 discs lost (20 per cent, at- 24c.) .. 24-2(> 

Labour, six days, at $2 ... ... ... 12 00 


$133-00 

The value of tlie cuttings lost is not taken iuto account. 

It is wortliy of note that although the initial cost of discs with 
lead spindles is greater than that of the plain discs, economy in 
labour renders the actual employment of the spindled ones 
eheapei'. Moreover, in practice, the loss of plain discos is generally 
greater than that of spindled discs. 

Assuming that there is no expense in guarding the beds, the 


a 2 :)parent profits to he derived are as follows :— 

Net cost of planting 1 acre with 4,840 cuttings $133*00 
Harvesting ... ... ... ... ... 25 00 

$158 00 

Valiie of 3,872 sf^onges (80 pei- cent.) at 25c. $968*00 

Profit at end of four years ... . $810*00 


The net return, therefore, from an original investment of about 
$225 per acre would be an average of about $200 per annum. 
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These results, though based ou the actual results of experi¬ 
ment, are largely theoretical. Tl is confidently believed, however, 
that ill practice, under favourable conditions, the returns per acre 
would be coiishJerably greater than those stated. 

CAICOS. As already pointed out, in the Caicos Islands we 
have sponge rearing l)y means of cuttings carried on comrnor- 
eially. Mr. Silly, one of the pioneers, states that ‘the financial 
prospects of the industry aie highly encouraging. The cost of 
each cutting placed in position and including gathering works 
out at 0*4 cent*, and sixty to eighty reef sponges and yellow 
sponges are worth $1-50, and eighteen to twenty wool and 
velvet sponges $3*0(1 in the New York market to-day.’ 

We can arrive at an approximate idea of tlie profits, if we 
assume (a) planting at the rate ol one per square yard, (h) mortal¬ 
ity of 20 per cent. Thus :— 

Net (cost of planting one acre with 4,84(1 cuttings) 

and of liar vesting and marketing the crop ... $ 19*3fi 

Value of 3,872 wool sponges (20 at )f3) . $580*00 

Profit at end of three or four years ... ... $5fi0*72 

Now it may be assumed that iu practh^e, planting wo ild I>b 
( iarried on more or less continuously from the first to the fouT*th 
year, whicli would mean tliat in the fifth and siil)se(]uent 3 ^ears 
there would be an annual returii (jf $5fi0 if 1 acres wen^ under 
cultivation, $1,120 if 8 acres were under cultivation, and so on. 
Assuming for the sake of simplicity that 4 acircs were under 
cultivation, then it is clear that after the fourth yeai* an animal 
expenditure of $10 will yield an annual return of .$5fi0. for there 
are no expenses attaching to the 3 acres of sponges undergoing 
development. It nuist liowever be reniember*ed that the value of 
the services of the manager of the industry are not included in 
these calculations. 

The above estimate of profit to he expected applies to the 
(ailtivation of slieepswool sponges. In the Caicos, reef sponges, in 
spite of their lower market value, give a still bigger return on the 
same amount of invested capital. This is because they mature hy 
the end of* the year or Iburteeii months, and also, it is supposed, 
because they are less particular as to environment. 

An important feature of the rearing of sponges artificially, 
and one whicli must not be overlooked, is the fact that there must" 
be a considerable amount of self-seeding going on. Thus the 
cultiva ion of an area tends to restock the surrounding waters, 
and will be a means of increasing profits by providing material 
free of cost for planting purposes. 

In comparing the Caicos estimates with those relating 
to Florida, it will be noticed that expenses in the case of the 
former are remarkably low. This is due to several e(;onomies 
introduced by Mr. Silly, including the use of coral slabs instead of 


♦From inioi tn ition recently received it appears that this fij^ure also includes 
cost of curing, freight and other chaiges. In the Florida estimates, which 
merely conc^n cost of production, these charges are not taken into account. 
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discs, the use of a new and cheaper form of attachment ; and to 
favourable conditions in regard to the supply of planting 
material. Labour is also cheaper tlian in Florida. 

In conclusion it will be evident that, on the basis oi* available 
information, very high profits may be expected from sponge culti> 
vation when once the concern has lieen properlj'^ established under 
favourable conditions. 

OTHEK POSSIBLE SHAJ.LOW-WATER FISHERIES. 
Ckabs and Lobsters. 

Besides the cultivation of sponges, a profitable industry is 
carried on in the Caicos Islands in the matter of canning lobsters. 
An export trade with Colon has been developed and it is hoped 
to establish a connexion in Great Britain. Some idea of the 
productive nature of the business can be got from the Fact that 
900 lobsters represent a fair day’s catch. 

It is possible that a similar industry might be established in 
some of the Lesser Antilles. 

Mr. W. R. Forrest, of Antigua, has furnished the writer with 
a list of the oralis and lobsters chiefl}^ used for table pui'poses in 
that island, and these may be recorded here 

Queen crab Cav'piUiuH Conditmis\ flerbsl. 

Land crab Cardifioma gnanJumii. Latreille. 

Shelligo Callinrrtes ovhuitu^ (Chiefly used by natives). 

Lobster (so-c‘alled) PdiudtruK argn.s, Latreille. 

Trunk Lobster Scyllarus aeguinortifdis. Milne Edwards. 

Shrimp (so called) Penaeus setiferns, and several otlier 
species. 

The above are well known and are probably distributed all 
over the West Indies. 

Pearl Hhell Oysters. 

In 1911, the Secretary of State for the Colonies transmitted 
to this Department a cop}^ of a despatch from Sir Gerald Strick¬ 
land, Governor of Western Australia, having regard to the 
possibility of cultivating the pearl oyster in West- Indian waters. 

This called attention to an experiment that had been 
conducted at the Monte Bello Islands. 

Briefly it consisted in enclosing by a dam an area of sea so 
selected that it is accessible to the tide, and has a. bottom which 
is porous. The area is arranged so that the tide Hows over the 
dam but has t,o get out of the enclosure by slow percolation 
through the sandy bottom. The (jbjecit of this is to prevent the 
minute eggs of the pearl oyster being washed away into the deep 
ocean, at the same time tliat the adult oysters have their normal 
food carried in regularly on the incoming tide. Want of capital 
combined with a disastrous hurricane caused this experiment to 
be suspended. There is no doubt, however, that the oyster will 
thrive and grow under captivity. 
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In regard to the transportation of the pearl oyster, a later 
eommtinicatioii from the Imperial Institute stated that there are 
no insuperable difficulties. Professor Herd, of Liverpool, has 
found that shell fish can be kept alive for long periods on board 
ship if arrangements can be made for a supply of running water. 
Pearl oysters intended for transport must be carefully ciollected 
so as not to }>reak their shells, and to ensure tlieir being in a clean 
condition. It is important that measunvs be taken to ensure 
the presence of both sexes in the transported animals. 

More recently the Canada-West India Mayazine (July 1914) 
has urged the establishment of a pearl oyster industry in some 
of the British islands of the Antilles. It is understood that 
a thriving industry already exists at the Danish islaiid of 
St. Thomas. 

The need for investigation is the principal re(piirement to 
which the Cayiada-West India Magazine calls attention. In 
a general way, the yu’ospects appear to be good and the 
conditions should be suitable iji most of the islands for the 
growth and propagation of the pearl oyster. Mr. Prest, a well- 
known Canadian authority, in an article in llui magazine under 
notice, says : ‘ The conditions prevailing in most of the islands 
are sufficiently similar to those obtaining in Ceylon to justify the 
importation of the Ceylon pearl oyster, which is one of the most 
highly productive kinds. An abundance of microscopic food is 
re(|uired by the animal and also an absence of competing 
organisms. The sea bottom should have an uneven, mixed; rocky 
and sandy surface interspersed witli broken coral and weeds, to 
prevent overcrowding and the drifting of sand. There must 
also be in existence a gentle curreiit for the conveyance of fresh 
food, and the temperature must be equable and warm.’ 

As regards the return to be expected, it is stated that in 
Ceylon $109 worth of pearls per 1,000 shells is regarded as 
a profitable industry. The Bahrein fisheries yield over 2 
million dollars of pearls annually, employing over 800 boats. In 
Ceylon the fisheries are even more valualde, and it is evident that 
the establishment of this industry in the West Indies would enor¬ 
mously strengthen the finances of the colonies, provide labour for 
those who are not' required on the estates, and be a way of 
obtaining revenue from natural resources not connected with 
the soil. 

The subject is now engaging the attention of the Marine 
Products Board of the Bahamas. 

A 

Sea-eggs, Beche-de-mek, Edible Oyster, 

Conch Shelis and Turtles. 

Barbados occupies the almost unitpie position of having an 
important sea-egg industry worth several thousand pounds 
annually. Sea-eggs belong to the zoological group known as 
Echinoids, which Includes star-fish and sea*cucumbers, the dried 
skin of the latter being known as beche-de-rner {Holothuria sp.). 
Although sea-eggs are collected on a large scale in Barbados only, 
the edible kind occurs among the reefs of most of the other 
West Indian islands and might be more generally employed as 
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an article of food. Where the sea-eg^ industry is practised 
systematically, regulations are necessary to prevent exhaustion 
of the waters hy enforcing a close season, as in Bai'bados, and, 
under certain conditions, artificial re-stocking is desirable. 

Becliede-iiier constitutes an important article of diet 
amongst the Chinese, and in Australia bccho-de-mer soup is 
regarded by connoisseurs as the equal of turtle soup, and is to be 
found in the menus of the leading clubs and hotels. 

Recently a shipment of bcche-de-mer, valued at about £8,(K)0, 
was made to Chinese ports from the Ibiliamas, whicdi revives an 
industry that for a period of forty years promised well. The 
sea-slugs in the waters of the Bahamas appear to be of high 
quality as compared witli those of the East Indies and Australian 
coast and the atolls of Polynesia. Tn the south-western section 
of the Pacific; the industry is valued at more than £2,500,000 
annually, but the supply seems to be getting limited. It is said 
to be likely that with proper selection witli reference to size, 
e.olour, and correct method of curing, and the facility for ship¬ 
ment through the Panama Canal, the Bahamas may in the near 
future benefit from an inci eased demand for this article. Even 
in Paris beche-de-mer is served at many restaurants, although 
the greatest quantity is required for the people of China. 

The native oysters used for food in the West Indies are 
those that grow on the roots of the mangrove. From September 
to Maya small industry is carried on in Jamaica, but thei*e is 
no system of cultivation nor are any restrictions placed upon the 
number (;olleeted. An oyster trade is also carried on in Antigua. 
Trinidad and Grenada. 

Jn addition to the oyster, thei*e are inan\^ other edible 
bivalves occurring in the West Indies the cultivation oif which 
may eventually be found worthy of consideration. Quite 
recently a conch shell industry has been established in the Caicos. 
The shells are shipped to New York where they are utilized in 
the art of cameo carving. 

To a greater or less extent turtle are caught ai’oimd all the 
West. Indian islands. At the present time Jamaica is the centre 
of the West Indian turtle trade. There is evidence, however, of 
a diminutio]! of supply, and the artificial rearing of turtles would 
no doubt be found highly profitable. In this connexion, again, 
special enterprise has been shown in the Caicos Islands where 
a })roject is on foot for starting turtle rearing in one of the creeks. 
It is stated that in conjunction with some of the other fisheries 
mentioned in this paper, a good turtle business could be 
established with three to five thoiiand dollars. 


A brief summary of the foregoing information, and the 
general conclusions arrived at are given on the following page. 
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SUMMARY AND CONCLUSIONS. 

1. The iiitroduciion to this paper deals with the circuiD- 
.stances wind) appear to justify experiments with sponge 
cultivation around certain islands of the Lesser Antil’es like 
Antigua, Barbuda and the Grenadines, where the conditions are 
seemingly suitable. The chief circumstance lies in the financial 
success tliat lia.s attended the rearing of sponges from cuttings in 
the Caicos Islands, near Jamaica, together with the results of 
earlier experiments in Florida. 

2. Preliminary to <lescribing the method i*eferred to above, 
an account is given ol the nature of the living sponge, also the 
requisites of a commercial sponge and tlie different groups at 
present on the maiket. with special reference to the West Indies. 
A note is included on the native sponges of the Lesser Antilles. 
This indicates tliat material for planting must be imported. 
Although sponges are to a remarkable extent creatures of 
environment and tend, when imported, to approach the native 
sponges in (piality, there is evidence which indicates that this 
may not occur in selected localities in the Lesser Antilles. 

J. The n*ethod of propagating sponges from cuttings is 
brieliy des(?ribed with i*eference to the following points : seed 
.sponges, cuttings. attachment.s, planting, rate of growth, harvest¬ 
ing, curing and marketing. The information is based principally 
on work done in Florida, but (rertain new' eeonomie.s ehected in 
the Caicos are alluded to. 

1 . The financial aspects of the industry in Florida and tlic 
Caicos ai*e discus.sed. It is .shown that if tht^ correet environment 
is obtained, the industry is a very remunerative one. 

5. FollovN'iug the information relativ c to sponges .ai*e notes 
on other shallow-water fisheries which might be developed. 
These include lobster canning, the raising of pearl oysters and 
turtles, the collection of sea-eggs, edilile oysters, eoneb shells and 
sea-cucumbers (for bcche-de-mer\ 

f). 801110 of these industries have been already established in 
certain restricted areas and might l)c greatly extended. In the 
creeks around the Ctiicos Islands .some of these industries are 
profitably combined with the rearing of sponges. 

7. In conclusion, it is believed that tliei’c arc good prosr>ect.s 
before efforts to utilize the shallow-w'ater resources of the Lesser 
Antilles. The economic importance of such a line of development 
is obvious. 
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APPENDED NOTE. 


The extent of the progress attained in the shallow* water 
fisheries of the Caicos Islands can be seen from the following 
export figures taken from the Colonial Report for 1914 


Articles of Export. 

1910. 

1911. 

1912. 

1913. 

1914. 


£ 

£ 

£ 

£ 

£ 

Sponges . 

1,316 

1,530 

1,451 

1,835 

2,140 

Conches . 

S.'JO 

743 

553 

270 

566 

Canned lobster 

28 

i 

42 

1 

i 

56 

272 

558 
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A PARASITB OP THB PLYINO-PISH. 

BY DB. W. T. CAI.MAN, 

British Museum (Natural History)* 

The British Museum has lately received from Dr. Francis 
Watts, C.M.G., a fine series of specimens of a Copepod Cnistacean 
parasitic on Flying-fish from Barbados. The specimens were 
collected and preserved by Mr. W. Nowell, Mycologist on the 
Staff of the Imperial Department of Agriculture. 

The parasites belong to the family Lernceidcp, which includes 
some of the most highly modified of all the fish lice, the adults 
having lost—so far as naked-eye appearances go— every trace of 
cru8ta(iean structure, and resembling in form the worms with 
which they were classed by the older naturalists. In the case of 
flying-fish the parasite may be attached to almost any part of 
the body, and appears as a dark-coloured worm-like object about 
inches long, and as thick as a crow-quill, ending in a brush of 
fine filaments. To this brush-like termination is due, not only the 
popular name of ‘ feathers * by which these parasites are known 
to fishermen and others, but also the scientific name PpnneUn, 
given by Oken a c entury ago to the genus to which they belong. 
As a matter of fact, only about one half of the length of the 
parasite is visible outside the fish. If followed by dissection it 
will be found to penetrate the flesh for a considerable distance, 
and to end, often if not always, near one of the great lilood*vessels, 
in a globular head provided with large branched proc*esses Like 
the roots of the plants, these processes have the function, not only 
of fixing the parasite in place, but possibly also of helping to 
absorb nourishment from tlie blood of the host. Whether this 
be so or n »t, however, the para’-ite is not dependent (as are some 
other crustacean parasites) on this vegetable-liko method of 
getting its food, for it has a nioulli and a spacious gut, and on 
the head are some microscopic vestiges of the limbs that were 
present in the larva. 

While the life history of (he flying fish parasite has not been 
followed out, enougli^ is known of allied forms to be sure that it 
begins life as a free-swimming larva which fuily late in life 
settles down to a sedentary parasitic existence. Exactly wheie 
or how it thus settles down we do not know, nor whether the 
flying-fish is the first host it seeks It is very likely that there 
is a temporary stage on another host, just as the Lernaea 
of the haddock and whiting passes through a stage in which it 
lives on the gills of the flounder or plaice, and the more nearly 
related Pennolla of the dolphin (Coryphaena) is parasitic as 
a larva on the gills of cuttle-fish. 

Another point on which we have no certain knowledge 
concerns the male sex. All the parasites that we find on the 
e-re females, and many of them carry a pair of egg- 
strings, long yellowish filaments consisting of biscuit shaped eggs 
packed in a row and carried thus until they hatch. In the 
nearly allied Lernaea, Claus has determined that impregnation 
takes place in the free-swimmiug stage, that the males do not 




KLM.NCi h’ISII WlTJi a)IM(POI) IMUVSITK, /.V ,S7/’r 





121 


develop any further, and only the females become fixed to a final 
h()St to complete their development and produce their We 

might suppose this account to apply to the species of Penuella as 
well as to other Lernaeidae, were it not that, in the very species 
that now concerns us, Steenstrup and Liitken long ago found 
attached to one of the females two microscopic individuals which 
they doubtfully suggested might be males. In other families 
of parasitic Copepoda, such 'dwarf males’ are found attached, 
like secondary parasites, to the bodies of the enormously larger 
females, and it is just possible that this species departs from tlie 
rule of other Lernaeidae in this particular. 

The specimens received by the Museum agree closely with 
the description given in 18fil by Steenstrup and Liitken of 
Pennella exocoeti^ which had been described as early as 18(12 
under the name of Lernaea exocoeti by Holten. It is probably 
the only species of the genus found on llying-fish, for although 
another species has been described it is probably found only on 
specimens in a different stage of development. 

The fish carrying the specimens sent to the Museum is 
identified by Mr. C. Tate Regan as RxovoetuH specidiger. Ih oN ions 
writers liave recorded tlie parasites from Exoroeiiii^ volitmis. 


REPORT ON THE PREVALENCE OP SOME PESTS 
AND DISEASES IN THE WEST INDIES 
DURING 1914. 

This is the sixth report of this series, the latest previous one, 
that for the year 1913, ajmearing in t he WeM fncivni Bulletuu 
Vol. XIV, pp. 198-220. The present report covei's the period 
January to December 1914, and has been prepared in the same 
way as the previous ones, from information supplied by tlie 
Agricultural Officers in the several islands. 

During the year the Entomologist visited St. Kitts, Antigua, 
and Montserrat in January and February. 

Ill St. Kitts, the main object of the visit was the investiga¬ 
tion of the oocurrenco of the small brown hard back (Lachnosterna 
pat)uelis) in sugar-cane fields. Severe attacks of the grubs of 
tlie brown hard back {Lachnoftteima sp.) in fields of ripening 
Indian corn were investigated and reported on in Antigua, while 
in Montserrat, experiments in spraying lime trees were started. 

The Mycologist paid four official visits during the year. The 
island visited, the time spent there, and the subject under inves¬ 
tigation are shown below, 

St. Lucia, January 15 to 23. General observations on cacao 
and limes. Root disease of cacao. 
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St. Kitts, April 26 to May 1. Diseases of sugar-cane and 

minor crops. 

St. Kitts and Nevis, July 19 to August 1. Physiological 

diseases of cotton. 

Dominica, October 8 to 13. Root diseases of lime trees. 
Climate. 

GRENADA. The months from January to May inclusive, in 1914, 
were very dry, with continuous high winds and small 
rainfall. "The rainy season commenced definitely in the 
last week in May. from which time right down to the end 
of the year, with the exception of August which was a 
comparatively dry month, there were continuously heavy 
rains averaging about 14 inches per month in the middle 
belt of the island. The last three months of the year 
were particularly wet. 

ST. VINCENT. Drier than usual in earlier part of season but wet 
in latter period of the year. 

ST. LUCIA. 1914 was the driest year recorded for twenty-five 
years, the rainfall being between 19 and 20 inches below 
the average for that period. The fall for 1914 was 67•60 
inches ; this was however very evenly distributed, Dec¬ 
ember being the wettest month with a fall of 10 87 inches, 
and March the driest with a fall of 2*45. It is of interest to 
note the control maintained by the parasitic fungi under 
Ruchadverse conditions. 

130MINTCA. The climate generally was favourable. The rainfall 
was sufficient without being excessive ; only one or two 
districts complained of insufficient rainfall during the 
last quarter of the year. There was a complete absence 
of gales and no great amount of high wind. 

ANTIGUA. Average rainfall for seventy-two stations was 36’86 
inches. For the year the rainfall was 7*39 below the average 
for the past forty-one years; it can therefore be regarded as 
a dry one. The months of September, October and Novem¬ 
ber were fairly wet. 

ST. Kin'S. The rainfall for 1914 was 50*87 inches in the Basseterre 
district and 78*35 in the Northern district. The distribu¬ 
tion however was very unfortunate for growing crops, as 
very heavy rains fell in April and May, and from that time 
to October both cane and cotton sufifered for want of rain. 
This has resulted in a poor return of both cane and cotton 
in the past season. 

NEVIS. The rainfall for the year was 53*55 inches. 

VIRGIN ISLANDS. The rainfall for the year was 46*58 inches. 
This small precipitation was not irregularly distributed, 
and offered adverse conditions to cotton cultivation. 
Long spells of dry weather were broken up by torrential 
downpours. 



123 

PART I.—INSECT PESTS. 


BY H. A. BALLOU, M.Sr., 


Entomologist on the StaflP of the Imperial Department 
of Agriculture for the West Indies. 

SUGAB-CANE. 

MOTH BOBER {Diatvaea fiaccharalis). 

ST. VINCENT. General in cane fields. 

MONTSERRAT. Generally distributed, but no cases of severe 
damage. 

ANTIGUA. Prevalent in all cane fields. 

ST. KITTS. To be found in every field of cane. Damage more 
serious in dry districts, and where canes were left standing 
over-ripe. 

NEVIS. Observed in every field of canes in the island, but not 
tjonsidered a serious pest. 

VIRGIN ISLANDS. Motli borer has occurred in all cane districts 
and attacks of serious nature were experieiKjed. It was 
noticed that ‘ Bourbon ’ canes were full of iiiotli holes. 

WEEVIL BORER {Sphenophorii.s serireiw), 

ST. LUCIA. Present generally, no serious outbreak. 

ANTIGUA. Common. Some varieties of cane are much more 
susceptible to the attacks of this borer than others. 

ST. KITTS There has been no serious outbreak but this insect 
can be found almost always in wet districts, in rat-eaten 
or damaged canes. , 

ROOT BORERS (Diaprepes and Kxophthalmus). 

ST. LUCIA. Dia'prcpes ablrtet iatvs. Present. I)ut no serious 
damage reported. E.voj)hthatimin esuriens. Not certainly 
identified a colletjtion of grubs is being made with a view to 
their determination later. 

MONTSERRA 1 \ Exophthcdmubi esuriem. In the month of April 
1914, large numbers of Exopiithalmus weevils were seen 
on cotton in a field which was surrounded by cane culti¬ 
vation. 

ANTIGUA. Exophthalmua eHuriem, Found in cane fields during 
July. 

ST, KITTS. Exophthalvius etnirwns. This species of root borer 
has increased considerably in St. Kitts, and carehd 
observations have been made as to its habits during the 
year. It was found botJi in young and old canes, and is 
responsible for much damage. 

NEVIS. ExophthaLmm eburieiis, .«^dults observed in difterent 
parts of the island. 
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WHITE ANTS. 

ANTIGUA. Ci)niin()ii to all uaiu*,' Helds, but possibly more are 
found in lields in central plain than in other parts. 

ST. KlITS. This pest has not spread on the estate whei*e it was 
originally found, but has been found on another estate 
during the year. 


HARD BACK GRUBS. 

ST. LUCIA. Must be present owing to the large number of 
hard back beetles present at certain periods, but the grubs 
have Jiot been I'oeognised. 

. * • 1 

ANTIGUA. Lavhnosterna sp., common in heavy Helds in centra 

part of island. 

ST. KITTS. LachyioHierna jyatrneli^, root trimmer of canes, found 
generally in (jonnexion with root fungus. 

NFiVIS. Grub of the hard bae.k Ligyrtfs tnmidomx has been 
found in several cane Helds, but is not coijsidered a serious 
pest of sugar-cane. 

MISCELLANEOUS INSECfS. 

ST. LUCIA. Mealy-bug common. Grasshoppej's common. No 
particular damage effected. 

ST. KllTS. Grasshopp(a*s have <lone considerabk*. damage Ut the 
young canes, especially during the dj-y wi^ather. 

VIRGIN ISLANDS. Mealy-bug {Pseiidororcns i'dlrcidaviav) was 
(%ane Helds but to no serious extent. 

('OTTON. 

COTTON WORM {Alabama argillaca). 

ST. VINCENT. Cotton worm o(;curred in July. 

ST. LUC’IA. Very troublesome, but little cotton is grown in the 
island now ; not more than 5 acres all told. 

MONTSERRAT. Worms were this year lii^st noticed in cotton 
Helds in July, and a (^onsidei*able amount of dusting with 
Paris green was done in August. No damage was done to 
the first crop. The second growth was very severely 
attacked in middle November, and in a few days tlie cotton 
' fields on the leew ard side of the island were leafless, no 
dusting being done on account of the uncertain prospects 
of realizing a second crop. This severe attack was not 
experienced on the windward side of the island. In this 
connexion it may be mentioned that the St. Vincent Jack 
Spaniard is still plentiful at Blake's estate. 

ANTIGUA. Gommoii throughout growing .season. IJie attacks, 
on the whole, were possibly less severe than those expe¬ 
rienced in the previous year. 
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ST- KITTS. Vwry prevalent in the early planted cotton and large 
quantities of poison used on some estates. 

In Anguilla there has been no damage. 

NEVIS. Very abundant this season. Little or no damage was 
done to the early erop, as the worms were dealt with 
promptly, but the second growth was very badly damaged, 
as little or no poisoning was done. ’ * 

VIRGIN ISLANDS. Very severe attacks of cotton worm e.xpe- 
rienced. Many fields to windward and north side of 
Tortola devastated by this insect. At Virgin Gorda the 
pest was known to occur in like proportion. 

BOLL AND CORN EAR WORM (Heliothis and Laphygrna). 

ST. VINCENT. L. frugvperda occurred. 

ST LUCIA. Present. Very troublesome in email patches of corn. 

ANTIGUA. Fairly common. Did but little damage. 

(OTTON STAINERS 


GRENADA. Cotton stainers occurred at Ca-niacou. 

si'. VINCP::nT. Stainers were (»f general uciMirreiice. 

ST. LUCIA. I’resent but not .serious. 

MONTSERRAT. Cottou stainers were being (jollected in a few 
localities in July at the windward side of the island, and 
were seen in small numbers on one estate on the leeward 
side in the same month. At windw'ard they were very 
pi'cvalent in November in practically every field, but were 
not. plentiful at the leeward side until December Tlie 
cotton Stainer deserves a good deal more attention as 
a cotton pest than it has hitherto received. 

ANTIGUA. Prevalent in fields of old cotton. 

ST. KITTS. Very prevalent at end of season on old cotton, and 
difficult to control. 

NEVIS. Not so ahundant this \’ear as in previous years. 

VIRGIN ISLANDS. Dysderrn^ andreae made its appearaiue in 
small Tiumbers about December. Mor(! abundant numbers 
were noticed on the .sf^cond growth of cot ton, but exten- 
sive damage was not d* ne. 

Scale Insexts. 

BLACK SCALE nifj}'((), 

WHITE SCALE (HemicJiumaspis ntinor). 

MONTSERRAT. JMack scale only occasionally seen. 

ST. KITTS. These scales are only observed on old cotton bimlies 
about to be turned in. They do no damage to the cotfoFi 
as the plants are not kept long enough. 
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NEVIS. Both scales were observed in fields but not to any great 
extent. 

VIRGIN ISLANDS. Both the black and white scales obseiwed. 
Attacks were not prevalent on old cotton trees. 

PLOWBR-BUD MAGGOT. 

MONTSERRAT. Not reported or seen in 1914. 

ANnOTJA. This pest has done very little damage during th^ year. 

LEAF-BLISTER MITE. 

GRENADA. On Marie Galante cotton, Carriacou. 

ST. VINCENT. Of general occurrence but not seriously injurious. 

ST. LUCIA. Common on all old stumps of cotton wherever found 
growing wild. 

MONTSERRAT. No serious damage can be attributed to this pest, 
though it becomes very general with the commencement 
of the second growth. 

ANTIGUA. Common in fields of old cotton. 

ST. Kirrs. This pest is always present, and especially on old 
maturing cotton. Where the cotton bushes are turned 
under a few months l)efore planting the new crops, the mite 
seems to die out and not attack the young plants. As 
a result of the dry weather of the past year the pest was 
more in evidence than usual, and instances have been seen 
of young cotton affected by leaf-blister mite from fields of 
old cotton some distance away. 

NEVIS. Very abundant throughout the island, largely due to the 
old cotton being allowed to remain standing in fields from 
one year to tlie next. 

VIRGIN ISLANDS. This pest is generally known to attack cotton 
fields in all districts of the Presidency. Again this year 
the pest was generally distributed. It can however be 
stat^ that lef^f-bister mite did not do as much damage 
to cotton cultivation as in the previous year. 

MISCELLANEOUS INSECTS. 

ST. VINCENT. Bronze beetle {Colaspis fastidiosus) injured young 
cotton on two estates. 

ST. LUCIA. Small amount of green fly (aphis) present. 

MONlBERRAT. A small patch was attacked in August by the 
lace-wii^ bug (Corythuca sp.), the foliage of the plants 
being afected like that of castoi* plants attacked by the 
same insect. 

Enormous numbers of the lace-wing fly (Chrysopa sp.) were 
present in one of the Dagenham cotton fields m November, 
and the result of shaking one of the plants was to cause 
a cloud of these insects to scatter. 
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ST. JCITTS. An itintaiice was recorded last season of young cotton 
being attacked by domestic cockroaches on one estate. 
Considerable damage was done l)efore the cause was 
detected. 

NEVIS. A grey weevil {Lachnopm sp.) was observed doing a fair 
amount of damage to the young cotton on a certain estate. 
Specimens were sent to .Head OflRce. 

VIRGIN ISLANDS. Aphis (/osHypii appeared towards the end of 
season. 

Cacao. 

THRIPS (HeliothripH inibrocinctm), 

GRENADA. Of general occurrence, with few instances of injurious 
attacks. 

ST. VINCENT. Few attacks recorded. 

ST. LUC/IA. Present, but no serious outbreak recorded. 

DOMINICA. Severe attacks observed in two widely separated 
district.8. 

BEETLE {SteiraaUmm (iepreaswn), 

GRENADA. Kather severe attacks in a few instances. 

ST. LV( lA. Of doubtful existence in the island. 

SCALE INSECTS AND MEALY-BUGS. 

GRENADA. Mealy-bugs occurred in small nuuibei's on restricted 
areas. 

ST. VINCENT. Occurrence recorded. 

MISCELLANEOUS INSECTS. 

GRENADA. Termites were recorded attacking a cacao tree. 

DOMINKU. Root grubs. A plot of cacao at the Botanic Gardens 
suffered severely from root grubs, which in several cases 
caused tlie death of the trees attacked. A similar out¬ 
break was observed at La Plaine. 

Limes. 

SCALE INSECTS. 

GHENADA. Green and mussel scales occurred generally. 

ST. VINCENT. Of general occurrence. 

ST. LU(.TA. Snow and purple scales are present throughout, but 
no serious damage is done, except where lime trees are i>eing 
grown in exposed situations or under unsuitable soil con¬ 
ditions. The green scale has generally proved most 
troublesome on the new growth of young lime trees and 
often follows an application of nitrogenous manure. 

DOMINICA, lakiug the island as a vyhole, JKaninica is remark¬ 
ably fl ee from attacks of scale insects. The best managed 
estates—where attention is paid to soil tillage, draining and 
manuring—may be said to be free from attacks. On the 
other hand, ill-nourished trees—due to neglect in oultiva- 
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fcion or manuring, or attacks of mistletoe—ai^ usualljr 
badly infested with scale inseiits. The parasitic fungi 
continue to perform excellent service in controlling attacks 
of scale insects. 

AIONT8KHRAT. The purple scale far out-numbers any other in the 
wetter districts, and the snow scale in the dry districts. 

ANTKiUA. Common in all fields. Green scale possibly increasing 
Purple scale seems to be decreasing. White scale common. 

HT. KITTS. No lime (jultivation carried on in St. Kitts, but scalt) 
insects to be found on almost every lime tree. 

NEVIS. The green scale and the purple scale were observed on 
the lime and orange trees throughout the island. 

VIRGIN ISLANDS. Ill the dry mouths attacks of Coccus viridis and 
Chiouaspi^ citii were experienced. 

RARK BORER (Leptostylus pvaeniorsus). 

ST. LUCIA. Doubtful. 

DOMINICA. Often seen in association with Red root <lisease. 
in which case it seems <?onfined to diseased tissue 
Also observed on several estates in the Noi th Windward 
district, in this i*ase being capable of attacking apparently 
healthy ti'ees. 

TWIG BORER {ELaphidiou uiite). 

ANTIGUA. A few isolated instances found. 

ROOT-BORER GRUBS (Diaprepes Exophthalnius). 

DOMINICA. Present to a much greater extent than was roriie rly 
supposed. Repeated instances brought to the notic(‘ of 
the staff when investigating root diseases. In the case 
of limes they do not as far as is known at present cause 
the death of tiees as they do of cacao, probably owing to 
the absence of a pronounced tap root in the lime. 

MONTSERRAT. Observations show that the grubs of Exoplithal- 
mus are present in all lime fields, and that the loss of tlie 
roots of lime trees in Montserrat is often due to the feeding 
f)f these insect^. This is due not so much perliaps to the 
feeding of the grubs on the fibrous roots as to the 
destruction of the bark on the seciondary roots when all 
the tissue beyond the injury dies. 

ANTIGirA. Some attacks experienced on one estate during June 
(Adult insects emerged during this month.) 

sr. KllTs. Exophthalmus esuriem found attac.king lime plants 
in pots, and experiments carried out showing the damage 
<lone by them in that manner. 

ORANGE MOTH. 

DOMINICA. The moth on oiaiiges was not common during the 
year owing to efficient methods of conti'ol having been 
adopted. It will be necessary to take similar pree;iutioiis 
annually, to keep this pest in check. 
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MISCELLANEOUS INSECTS. 

DOMINICA. As ill the ease ot* root ^ruhs tile presejiue ul' mature 
Diaprepes beetles eating the foliage ol‘ lime trees was not 
recjognized up to the year under review. ()hservatioiis made 
during 11)14 point to the faet that this beetle by eating 
a (ionsiderable proportion of the foliage is eapable of 
seriou-ily cheeking the growth of lime trees—young ones 
in particular. 

NEVIS. A species of Jjacdinopus was (observed feeding on the 
leaves of young limes at the Experiment Station. 


Sweet Potatoes. 

SCARAHEE {Crf/ptorhynchiis batatae). 

MONTSERRAT. There is very little authentic informalion about 
the extent of the damage caused by this insect, and it is 
only occasionally that. sevTi*e attacks ai’e reported. 

It is ajiparently present in all localities where the sweet 
potato is cultivated. 

ANIIGCA. Reported 1‘rom several localities, but does not seem 
to have (caused much damage, 

ST. KITIS. This pest attacks sweet potato, esui‘cially wheiv 
giown constantly on same lands. 

NEVIS. (Ibserved in certain tields which were put nnd(*r sevt‘ral 
conse(5iitive crops of sweet potato. 

VIRGIN ISLANDS. S(*aral)ee was noticed at tln^ time of liarvesl 
ing. hut not in any serious quantity. 

CATERPILLARS {Pi otoparce cmgulata. and othei s). 

sT. LUCIA. Common in some Helds but no serious daniagM. 

MONTSERRAT. The chief leaf-eating caterpillar is Sylepta 
helcitalis. and it is very rarely that the damage caused is 
severe. 

ANTIGUA. Attacks experienced in some localities towards 
end of year. As crops were maturing they ajiparently 
did not affe(;t. yields. 

VIRGIN ISLANDS. Ill Decem'oer caterpillars were very abundant 
and severe attacks were experienced in all districts. 

RED SPIDER (Tetranyrhus telariws), 

sT. LUCIA. Fnirly common in the drier distri<*U. 

ANTIGUA. Isolated attacks noticed. 
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MISCELLANEOUS INSECTS. 

MONTSERRAT. Slugs (Veronicella occidentalift) are reported as 
troublesome on occasion, and destroy young plants of 
the sweet potato. 

A caterpillar tunnelling in the stems of sweet potato in 
a similar manner to the larvae of Scarabee has not yet 
been identified, nor is its importance generally known, 
though the damage done to the sweet potato in Grove 
Station in October was considerable. 

Ground Nuts. 

GREEN BUG {Nezara vtridula), 

ST, VINCENT. The green bug occurred generally, but little dam¬ 
age was done. 

MEALY-BUG. 

ST. LU(UA. Slight attack at Experiment Station in tlje small 
plots. 


LEAF-EATfNG CATEHPILLAUS. 

ST. LUCIA. Slight damage at Experiment Station. 

MISCELLANEOUS INSECT.S. 

KiTrs. Ground nuts were found attacked by the root borer 
Exophthubnus esteriem. 

Coco-nuts. 

WEEVIL (Rhynchophorus palmarum). 

ST. VINCENT. A few trees reported as being attacked. 

WHITE PLY {Al&ifvodicus rocois). 

DOMINICA. Reported as being present on material sent to the 
P]ntomologi^t £rom the villages of *St. Joseph, Layon and 
Mahant, and may be generally found in small numbers on 
coconut-leaves. 

SCALE INSECTS (Aspidiotus destvuctor, and others). 

GRENADA. Attacks cf the coco-nut scale {Aspidiotus destructor) 
severe in places. 

ST. VINCENT. Scale insects attacked coco-nuts in some localities. 

ST. LUCIA. General throughout the island but no serious attacik 
reported. 

DOMINK'A. Reported as being present in abundance on the 
material referred to above. 

ANTIGUA. Common on most coco-nut plants. 
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NEVIS. AftpiiliotuH destrxictor on cooo-nnb pabiia throughout the 
island. Viimmia stelltfera also observed in many places, 
but neither of the above scales appears to be doing any 
damage. 

VIRGIN ISLANDS. Aspidiotus destvuctor noticed in isolated attacks. 
Not serious for much comment. 

MISCELLANEOUS INSECTS. 

DOMINICA. The occurence of the coco-nut white fly and the 
coco-nut Aspidiotus in great abundance in the particular 
district referred to, showed the amount of destruction that 
would follow a general severe attack. It may be stated 
that the leaves of over 1,000 coco-nut trees bordei'ing the 
seashore were grey with the waxy material usually accom¬ 
panying the white fly; the trees practically ceased })earing, 
and in several cases died. 

Indian Corn. 

CORN EAR WORM, (Laphygmn frugiperda), 

cmENADA. Corn is attacked by this insect. 

ST. VINCENT. These insects occur and sometimes cause a fair 
amount of injury. 

ST. LUCIA. Very troublesome at certain seasons in small plots 
of corn. 

MONTSERRAT. Young com was attacked by this insect as usual, 
but no further information was collected with regard to 
the pest. 

ANTIGUA. Invariably present. 

ST. KITTS. This pest attacked a plot of corn at the Experiment 
Station and was controlled with much difficulty. It is 
common throughout the island. 

NEVIS. Observed throughout the island in every field of corn. 

VIRGIN ISLANDS. This pest was very severe in December and 
much damage was done in corn fields. 

HARD BACK GRUBS. 

ANTIGUA. Lachnofiterna sp. common in fields of corn grown in 
heavy land. Attacks occur in December, January and 
February. 

ST. KITTS. Grubs of Lnchnosterna patriielis found attacking the 
iwts of corn. 

Onions. 

caterpillars. 

MONTSERRAT. The black caterpillar present as usual; it is con¬ 
trolled by hand-picking in the early morning. 

ANTIGUA. Common in all fields during early stages of growth. 
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NFVIS. OhRorved in all nnraery beda, and in tlic large beds after 
the onions were planted out. Moie abundant this year 
than last. 

VIRGIN ISLANDS. Attacks were noti(^ed throughout the season, 
but were easily kept in check by hand-picking 

THRIPS. 

MONTSERRAT. Severe attack of thrips noticed in one k>cality. It 
was reported as present in this district for the first time, 

NEVIS. Occurred to a fairly considerable extent at the Experi¬ 
ment Station, and in other places also. 

Yams. 

SCALE INSECTS {Anpidiotm hartii), 

MONTSERRAT. This insect was noticed to be prevalent on yams. 

ANTIGUA. Not frequently found during year. 

ST. KITTS. The yam crop was very poor from dry weatlier but 
no special sign of disease. The white scale infests stored 
yams. 

CxREEN Dressings. 

LEAF-EATING CATERPILLARS. 

ST. LU(TA. Horse beans {Canavalia evi^iformis), Prolojtnrcp 
cmgulaia not quite so common as last year, and at (certain 
seasons, horse beans can be raised without being seriously 
damaged by this insect. 

MONTSERRAT. No instance was met with where Bengal beans or 
horse beans were eaten by caterpillars. 

ANTIGUA. Green dressing crops are not grown as extensively in 
Antigua as they were some years ago. Isolated attacks 
noticed. 

ST. KITTS. Green dressings of Bengal beans were attac*ked bv 
a caterpillar, but the damage done was not very serious. 

MISCELLANEOUS INSECTS. 

DOMINICA. The following plants grown as green dressings in 
Dominica are practically free from attacks of insects ; 
Tephrosia Candida, Hookeriana, Vogelii, Clitoria sp. and the 
local indigo. 

The horse bean ( Canavalia emiformis) when left too long 
before l>eing cut over is often attacked by a red spider Indi- 
gofera mCndicom. A new species on trial, was attacked by 
a green hy. 

VIRGIN ISLANDS. Aphis noticed on Soy bean. 

General Bemarks. 

ST. KITTS. There has been no very serious outbreak of any pest 
during the year under review, with the exception of the 
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c)(j(?nrmioe of Mie root borer (Exophthahnus in 

certain rlistricts, and the root rlifsease {Marnmuu^ mrchari) 
in (.‘onnexion with it. 

MISf5ELI.ANEOlTS INSECTS. 

ST, KITTS. Exophthaltnm esurient was found atl;aeking and 
destroying young uassava plants in the Experiment 
Station. 

NEVIS. The species of Lachnopiis fouml feeding on the limes at 
the Experiment Station appears to be the same as that 
found feeding on young cotton. 

VIHGIN ISLANDS. Batocera rubra prevalent in central and 
western districts of Tortola. This Longicorn has done 
much damage to the papaw (Carica Papaya). 

Natural Enemies of In.iuriouh Insects. 

PARASITICA AND PREDAUEOUS. 

ST. KITTS. Tiphia found ]iarasitizing grnl) ol* Laohnofiterna 
pairiielin by the Entomologist. 

Dielix dormta })arasitic on ordinary black liard back grubs, 
also found. 

Tile Jack Spaniard has, as usual, been veiy helpful in 
controlling atta(*ks of fbe cotton worm. 

NEV'is. The parasite of the (?otton worm reisorded last; year was 
not- observed this season. The Hery ground beetle (Calso- 
ma calidum) was observed in a few cotton fields. 

Other Remarks. 

ST. VINCENT. The Agricultural Huperintendent was cm leave 
April to November and Assistant Agricjultural Superin¬ 
tendent left for Mauritius before he ret urned. The records 
1914 are therefore fewer in number than usual. 


PART II —FlINUOID AND BACTERIAL DISEASES. 

BY W. NOWELL, D.I.C., 

Mycologist on the Staff of the Imperial Department of 
Agriculture for the West Indies. 

Sugar-cane. 

ROOT DISEASE {Maraf<mius Hanchari, Wakker, and allied species). 

GRENADA. Occurred at Morne Range Experiment plot. 

ST. LUCIA. Common in most cane fields but no serious damage 
reported. 
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DOMINIOA. A serious outbreak occurred on one property owing 
to tlie persistent use of the local Bourbon cane. 

ANTIGUA. Common throughout the island; effect specially 
noticeable on ratoon canes growing in heavy or poor fields. 

ST. KITTS. One district badly affected in connexion with attack 
of root borer {Exophthalmm emriens). It is to be found 
throughout the island, especially in ratoons, and only n^ds 
dry weather and poverty of soil to bring it into 
prominence. 

NEVIS. Occurred on several estates, but not to any great extent, 
and chiefly on land in poor condition. 

VIRGIN ISLANDS. Ratoon canes were again attacked by this 
disease throughout the island, B. 306 and Bourbon proved 
most susceptible. 

RIND FUNGUS (Melanconium sacchari, Massee). 

ST. LUCIA. Fairly common. 

ANTIGUA. One field of over-ripe Bourbon cane in the soutli of 
the island badly attacked. 

RED ROT DISEASE {CoUetotrichum falmtum, Went). 

ANTIGUA. Not common. 

ST. KITTS. No sign of this disease in district attacked two years 
ago. 

riNE-APPLE DISEASE (Thielaviopsis paradoxa [ethaceticus], 
Maub). et Griff.) 

ANTIGUA. Not noticed during period under review. 

ST. KITTS. The fungus was found on pine-apple plants in the 
Experiment Station at La Guerite, 

COlTON. 

ANTHRACNOSE (Colletotrichum goftfiypii, Southw.) 

ST. VINCENT. Prevalent, and the cause of much loss. 

MONTSERRAT. Anthracnose is not noticed in the Montserrat 
cotton fields. 

ANTIGUA. Not prevalent. 

VIRGIN ISLANDS. It is very probable that this disease was 
prevalent. 

WEST INDIAN LEAP MILDEW. 

ST. VINCENT. Prevalent. 

MONTSERRAT. The seasoH being a dry one, this was less 
prevalent than usual. In one locality, cotton planted in 
February was badly attacked by mildew after heavy rains 
in May. 

ANTIGUA. Prevalent in the latter part of the season. 
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ST. KITTS. Prevalent in wet districts about the time cotton was 
maturing. Not regarded as a serious pest. 

NEVIS. Occurred in every cotton field during the latter part of 
the year, but the damage was not serious as it appeared 
only when the bolls were nearly mature. 

VIRGIN I8I.ANDS. Ifields were severely attacked after the heavy 
rains in December. 

ANGULAR LEAF SPOT (Bacterium rnalvacearumy Erw. 8m.) 

ST. VINCENT. Prevalent. 

MONTSERRAT. See bacterial boll disease. 

ST. KITTS. This aflectiou of the leaf lias been noticed in all 
districts but it does not seem to affect the yield of cotton. 

NEVI3. Occurred in every field of cotton in the island, especially 
when the bolls were maturing, but it is not considered 
a serious disease, 

BLACK ARM (Bacterium malvacearum, Erw. 8m.). 

MONTSERRAT. See bacterial boll disease. 

ST. KITTS. Some instances of black arm in the late cotton were 
observed by the Mycologist on a visit paid during the 
year, but no loss has been attributed to this. 

BACTERIAL BOLL DISEASE {Bactenum malvaceavum, Erw. 8m.). 

MONTSERRAT. Bacterial disease was not very prevalent: less so 
than in some previous years. 

ANTIGUA. Not very common. 

ST. KITTS. In a few instances bolls have been observed that have 
turned black but the loss has not been great. 

NEVIS. Black boll occurred in many fields during tlie season and 
a considerable number of bolls were lost on account of it. 
The disease has been more prevalent this season thaji it 
was last. 

VIRIUN ISLANDS. This form of boll disease appeared in all 
districts after the fall of heavy rains and caused much 
damage. 

OTHER BOLL DISEASES. 

ST. VINCENT. A bad season : besides the recognized boll diseases 
the later bolls were affected by internal rot. (Identical 
with the Montserrat trouble.) 

MON rSERRAT. The trouble known as internal boll disease is now 
strongly suspected to be due to fungous and bacterial 
infection following the attacks of the cotton stainer bug; 
the loss of the second crop through this type of injury to 
to the bolls was very considerable. 

ST. KITTS. In thel ate planted (tottoii a large proportion of tlie 
bolls turned black and dropped. This is also the c'asc with 
the young bolls of cotton attacked by leaf curl. 

VIRGIN ISLANDS. Late ill the year a large percentage of bolls 
dropped, another considerable proportion remau^ed 
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unopened on the plants, while some which opened had 
discoloured lint. The troubles were attributed to w’eather 
conditions. 


OTHER DISEASES OF COTTON. 

MONTSERRAT. Blotching of the leaves of cotton was very common 
on one estate in the dry weather, and specimens examined 
by the Mycologist were thought to be affected with 
bacterial blight, though this was different in appearance 
from angular leaf spot. 

ST. KITTS. A 11 abnormal growth of cotton plants occurred to a 
considerable extent. This was investigated by the Mycologist 
and types of physiological disease were met with, the curly 
leaf and the loggerhead. 

Cacao. 

ROOT DISEASES. {RoaelUnia spp.). 

GRENADA. Occurs pretty frequently but is severe only in wet 
districts or when neglected. 

ST. LUCIA. Common in most districts but no further serious 
outbreaks were reported. 

DOMINICA. A severe outbreak, starting with the death of an 
avocado pear tree, was recorded from one estate. Patches 
of cacao trees dying from this cause may be seen more or 
less commonly in various parts of the island. 

CANKER (Phytophthora Faberi, Maubl.). 

GRENADA. Generally distributed, but no serious outbreak 
recorded. 

ST. LUCIA. Common throughout the island and does not receive 
sufficient attention on some of the large estates. 

DOMINICA. J^lost caiiao fields suffer from this trouble, especially 
the less hardy varieties and trees of considerable age. 
Unless detected at an early stage it is difficult to control. 
In Dominica it is recognized that only the most hardy 
varieties, for instance, the Calabacillo and Amelonado types 
can be sucessfully grown. 

BLACK ROT OF PODS (Phytophthora Faberi), 

GRENADA. Remarks as to canker also apply. 

ST. LUCIA. Like canker, (jommon in most cacao fields but not 
to any serious extent. 

DOIMINICA. May be seen invariably on trees attacked by canker, 
therefore of common occurrence in Dominica. 

BROWN ROT OF PODS Tliyridaria tarda (Diplodia). 

GRENADA. Generally distributed and sometimes severe. 

ST. LUCIA. More common than the black rot in some districts. 
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DOMINICA. No serious outbreak recorded but may be usually 
seen in most pickings of cacao. This disease would . be 
much less common if steps were taken to deal correctly 
with cacao husks. 

DIE-BACK AND STEM DISEASE (Thyridaria tarda, (Diplodia). 

GRENADA. Several local outbreaks occurred. 

ST. LUCIA. Generally prevalent. 

DOMINICA. Trees are frequently seen suffering from what 
appears to be die-back, but the experience of the last year 
or two tends to show that this is due largely to the grub 
of a beetle attacking the roots. Wind also often causes 
die-back of cacao twigs and branches. 

PINK DISEASE (Cortidum sp). 

Not reported from any of the islands. 

THREAD BLIGHTS. 

Not reported from any of the islands. 

Horse-hair blight (Marasmiuft equicrinis, Muller). 

DOMINICA. Seen in small quantity on an estate in the intei'ior of 
the island. 

OTHER DISEASES OP CACAO, OR GENERAL REMARKS. 

DOMINICA. The presence to such an extent of the various diseases 
of cacao in Dominica is due principally to the diminishing 
interest and attention given to this crop in view of the 
better prospects of lime (jultivation. In Dominica cacao 
does not thrive unless it is well cared for, and even, then, it 
is exceedingly difficult to grow successfully any but the 
most hardy varieties. 

Limes and Other Citrus Trees. 

ROOT DISEASE (Fomes lucidufi), 

DOMINICA. Does not cause any serious amount of anxiety to 
Dominica planters. 

ANTIGUA. Fructifications of the fungus are commonly found on 
old trees. 

ST. KITTS. Found attacking Saman trees in Botanic Station. 

BLACK ROOT DISEASE (Rosellmia spp.). 

ST. LUCIA. Not observed or reported, on citrus trees. 

DOMINICA. Was the subject of investigation by the Mycologist 
of the Department. Is generally present on" estates 
recently cleared from forest, and often destructive. Due in 
many cases to the species R. bunodes, Sacc. 

bed hoot disease, {Sphaeroatilbe sp.). in others to R, Pepo, 
Pat, 
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ST. LUCIA. Not observed or reported. 

DOMINICA. This disease is certainly on tlie increase and will 
need thorough treatment to keep it in check. Isolation, 
drainage and liberal manuring promise to give good 
results. 

OTHER DISEASES OF LIMBS AND OENBRAL REMARKS. 

GRENADA. A root disease of limes is suspected at Carriacou. 

DOMINICA. The black and red root diseases of lime trees are 
assuming dimensions sufficient to cause anxiety. The 
attacks are so severe locally that should they become in 
any way common, the island would receive a serious set¬ 
back. Fortunately they appear to be fairly easy to control 
and in one case in particular, by thorough isolation and 
drainage the spread of the black root disease has been 
arrested. It is essential however, for planters to realize 
the necessity for taking vigorous steps to check the spread 
of these diseases. 

The pink disease of lime branches was observed on a few 
trees. 

ST. KITTS. There is no lime cultivation in St. Kitts. 

NEVIS. The limes appear to be free from any specific disease. 

VIRGIN ISLANDS. Much dead wood is developed in all lime¬ 
growing districts on the windward side of Tortola. Lime 
branches continue to die back each year and much pruning 
is necessary. Probably this is due to exposure. 

Sweet Potatoes. 

ROOT disease. (Mfira.^)nins sp.). 

ST. LUCIA. Not reported or observed. 

ANTIGUA. The mycelium is (jommoiily found on potatoes when 
grown in sugar-cane land, but seems to do little or no 
damage. 

WHITE RUST. {Albugo [Cystopus] sp.). 

MONTSERRAT. The fructifications of the fungus are frequontl}^ 
met with on the older leaves, but it cannot be regarded as 
a serious disease at present. 

OTHER DISEASES OR GENERAL REMARKS. 

ST. KITTS. Sweet potatoes have not been observed to be at.tacked 
by any fungus disease. 

NEVIS. The sweet potato crops have been free from any disease. 

Coco NUTS. 

BUD ROT. 

No authenticated case has been reported during the year 
from any of the islands. 
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ROOT DISEASE. 

GRENADA. Suspected cases have occurred. 

ANTIGUA. Several trees in St. Johns were possibly attacked by 
this disease. 

LEAF DISEASE (Pestalozzia palmarum). 

DOMINICA. Was found by the Mycologist on specimens sent for 
examination. Is reported from the villages of St. Joseph’s, 
].«ayou, and Mahaut. In association with scale insects it 
(jaused the death of several trees, and a serious condition of 
many others. 

OTHER DISEASES OR GENERAL REMARKS. 

ST. KITTS. There is no regular coco-nut cultivation in St. Kitts 
and the scattered trees are in good liealth. 

NEViS. The coco-nut trees are free from any observed disease. 

Indian Corn. 

ROOT disease. 

ANTIGUA. It is difficult to say to what extent this may occur. 

RUST (RED OR BROWN). 

MONTSERRAT. Brown rust {Fnccinia Maydis, Ber.) is common in 
corn fields. The amount of damage is difficult to assess. 
Young plants not a month old have been noticed to carry 
fructifications of the fungus wliere planted to leeward of 
older infested plants. 

SMUT (Ustilago Zeae, (Beck.) Ung.). 

ANTIGUA. Found in small quantity in most fields. 

iMUHEK AND GUINEA CORN. 

RUST (Pucrhiia purpurea, Cke.). 

ANTIGUA. Common in nearly all fields of (f uinea corn. 

NEVIS. Obsei'ved on tUiinea corn in many places, including a 
plot at the Experiment Station, but it does not seem to do 
much damage. 


SMUTS. 

MONTSERRAT. Imphee heads were attacked by smut {Sphace- 
loiheca Sorghi) but not to any serious extent. 

ST. KITTS. Very little Guinea corn or imphee is grown in St. Kitts. 

ROOT DISEASE, 

None recorded. 
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Ground Nuts. 

HOOT DISEASB. 

MONTSERRAT. There was practically no loss due to root disease 
in file plots grown in the Experiment Station in 1914. 

T.BAF RUST (Dvcdo urachidts, Lagh). 

ST. VINCENT. Locally severe. 

ST. LUCfA. Sliglit attack at Experiment Station. 

MONTSERRAT. Prevalent as usual on the foliage at the time of 
reaping ; apparently more severe on the Virginia Running 
variety than on the Gambia. Spraying with Bordeaux 
mixture was apparently successful in‘combating it, and on 
the sprayed half of the Gambia plot a larger yield was 
obtained. Since however on two previous occasions there 
have been no apparent results from the use of Bordeaux 
mixture, the results need confirmation. (See Aaricultural 
News, Yol Xlll.p. 380.) ^ 

ANTIGUA. Noticed at the Experiment Station when the plants 
were maturing. 

VIRGIN ISLANDS. The plot at the Experiment Station showed 
very slight signs of rust. 

LEAF SPOT (Cercospora personata, Ellis.) 

Not recorded from any of the islands. 

* OTHER DISEASES OR GENERAL REMARKS. 

ST. KITTS. No disease was observed to be doing any dama«»'e 
but the crop was poor owing to a bad season. ^ 

Onions. 

BACTERIAL ROT. 

ST. LUCIA. Not grown on a large scale. 

MONTSERRAT. Very prevalent on onion crop at Harris in 
October, which bears out the opinion previously held with 
regard to the middle part of the island, that onions will 
grow well and produce a good crop but will not keep : 
500 lb. from the Harris’ crop of 3,000 h. were discarded on 
occount of the disease at a month from reaping. Obser¬ 
vations since show that a considerable proportion of the 
onions shipped as sound will become diseased before they 
reach the Canadian market. No bacterial rot has been 
reported of onions cultivated in the drier districts. 

ANTIGUA. Common after reaping. Noticed in the fields in a few 
instances. 

ST. KITTS. No occurrence during growth, but onions when reaped 
are likely to be attacked. 
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OTHER ONION DISBASKS. 

MONTSERRAT. The loss of oiiioii seedlings from daniping-off in 
the seed bed was very considerable. Growers do not look 
upon the trouble a definite disease and avoidable, but put it 
down to the want of rain. 


Yams. 


TUBER DISEASES. 

ST. LUCIA. None reported or observed. 

ANTIGUA. Not noticed during the year. 

WILT DISEASES. 

MONTSERRAT. The plot of yams at Harris Station was a com¬ 
parative failure ; the stems dried up about October. Yams 
in Monts'"rrat generally were also a failure, and though the 
rainfall after July was unsatisfactory for the crop, much 
better returns have been obtained in previous years with 
even less rainfall. 

ANTIGUA. Reported from three localities. 

Green Dressings. 

MONTSERRAT. A fungus was discovered attacking the roots of 
Tephrosia cayidida, (Bee A(jricidtural News, Vol. XIII, 
p. 348). About 25 per cent, of the plants succumbed on 
a small plot. 

Fungi Parasitic on Insects 

ON SCALE insects. 

GRENADA. The usual West Indian species occur, and are abund¬ 
ant when and where conditions as to moisture are favour¬ 
able. 

ST. VINCENT. No special observation recorded. 

ST. LUCIA. These appear to .spread as lime cultivation extends, 
ond they keep the insects in complete check where con¬ 
ditions are favourable. 

DOMINICA, These continue to do excellent work in controlling 
attacks of scale insects. The fungus Aschm'sonia turbinata 
was recorded during the year as having an importance not 
previously suspected in the control of the purple scale. 

MONTSERRAT. The conidial stage of the red-headed fungus 
{Sphaerostilbe coccophila) was present on purple scale 
throughout the year in one field under observation where 
cooditions wen's favourable to its development. On the 
outer twigs of the trees, the perithecial stage is the more 
common, and observations indicate that the perithecial 
stage is the first to develop on young trees, to whicl^ the 
fungus spreads naturally. 
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The comparative hardiness of the shield scale fungus 
{Cephalosporium lecanii) was shown in one field, to which 
it had been artificial!}^ introduced. 

Ill dry districts wliere the snow scale is predominant, 
the black fungus (Myriangitim Duraei) is scarcely ever 
seen, and it would seera that its control depends on 
some other parasite. 

ANTIGUA. Shield scale fungus and black fungus were common 
in some lime fields. 

NBVI8. The shield scale fungus has been found attacking the 
green and mango shield scales. 

Phanerogamic Parasites. 

MISTLETOE (Loranthus sp.). 

GRENADA. Common in some districts. 

ST. LUCIA. A species of Loranthus is becoming very troublesome 
in lime cultivations in certain districts, and more attention 
needs to be paid to it. A species of Phoradendron. prob¬ 
ably P. jlavens, is common on native bush, but no reports 
ha«ve l)een I'eceived as to its troubling cultivated plants. 

DOMINICA. Capable of seriously reducing the vigour of the trees 
attacked. The presence of mistletoe and the lack of 
proper and sufficient manure are accountable for the 
starved appearance of several areas of limes in Dominica. 
The fruit of the mistletoe is commonly attacked by the 
larva of an insect, which completely destroys the seeds. 

Love vine. {Cuscuta sp.). 

GRENADA. Generally distributed and common in places. 

ST. VINCENT. Chiefiy on hedges. 

ST. LUCIA. The Ordinance recently passed to check the spread of 
this pest has not Ijeen brought into foixje. Little or no 
damage has been done to agricultural crops; it thrives 
mostly on Hibiscus hedges round gardens in Castries. 

DOMINICA. This is confined to certain fairly well defined localitie,s 
and does not seem to spread to any great extent. Even in 
these areas it seems to be less in evidence than in former 
years. With vigorous action taken without delay, this pest 
could be stamped out at comparatively little cost. 

ANTIGUA. Not so commoii as in former years. 

ST. KITTS. There has been a great increase, especially in certain 
districts. No valuable trees have been attacked. 

NEVIS. There has been a great increase in the amount of Love 
vine about. It is found to a great extent on hedges, and 
is now attacking limes on a certain estate, and oriiamentixl 
plants about the island. 

VIRGIN ISLANDS. Love vine {Cmvuta sp). was again plentiful 
in Tortola attacking many lime fields. 
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SUMMARY OF DISTRIBUTIOK. 

The I'ollowiug table is intended to show the status and 
distribution of the insects, fungi, and vegeta])le parasites 
attacking the principal cro[)s. It has been drawn up Ironi the 
information availa})le at the Head Office of tlui Department, and 
lias not been re-subniitte^d to the olJicers in the vaiions islands. 
While not claiming to be t^xact, it may be taken as a,(lording 
a fair summary ot* tli(‘ p‘osition during the year in rjuestion. 

EXPLANATION OF SIGNS LfSEO. 

g -^generally distributtd. 

O - generally distributed, severe. 

1 - local. 

L locally severe, 

gLgenerally distribute<l, locally severe. 

r - recoi*ded presiMit. 

? doubtful oc(‘urrence. 

— -^not known to occur in the island. 

o -^n<> j'citord during the year, 

A blank against the pests or diseases of any particular crop 
means t hat the cro}) is not grown at all or is not impor¬ 
tant in that island. 
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FUNGOID DISEASES. 
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FUNGOID DISEASES.- ConcZzirf^d. 
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TWO SOOLIID PARASITES ON SOARABABID 
LARVAE IN BARBADOS.* 

BY W. NOWELL, 

Mycologist on the Staff of the Imperial Department of Agriculture 
for the West Indies. 

As introduction a word should be said regarding the 
incidence of the rainfall in Barbados, and the agricultural opera¬ 
tions determined by it, since these have a bearing on the life of 
Uie insects to be (ionsidered. There is no definite separatioti 
into dry and wet seasons, but generally speaking the first five 
months of the year are characterised by drought, broken now 
and then by more or less heavy shoAvers; from late May or eai*lv 
June onwards, these are supplemented by tlie occurrence of very 
occasional falls of two or three inches of rain, producing what 
may by contrast be called the rainy season. The canes are 
planted towards the end of this season, about December, and are 
reaped in March and April, some sixteen months later. After 
the reaping season, as showers permit, various other crops ~ 
among them sorghum and maize—are planted, and these have 
often accomplished a fair amount of growth by the time that 
the heavier rains bring in the period of greatest insect activity. 

Two beetles of the family Scarabaeidae occur in Barbados. 
Ligyrm tumulomfi, Burm.,a Dynastid, is universally distributed 
and very abundant. Its larvae live in soil rich in decaying 
vegetable matter. They occur in very large numbers in pen 
manure, and are to be found at the base of the heaps of dead 
sugar-cane loaves or cane stumps which are made up at the end 
of the reaping season. Theyaie not known to attack living 
plants. The beetle has no definite seasonal distribution, but the 
adults are capable of remaining for a considerable time in the 
soil, from which they emerge in large numbers after rain. 


Reproduced from The Annals of Applied Biology^ Vol. II, No. 1, May 1915, 
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Phytalm smithi, Arrow, a Melolonthid, though common, ia 
much less noticeable owing to the fact that the adults are very 
rarely attracted to light. They emerge in large numbers after 
the May rains and may be found feeding at night on the foliage 
of various field and garden plants. At other seasons of the year 
they are very seldom seen, though there is evidence that they 
occur in small numbers. The larvae attack the roots of many 
plants, and in gardens are very de8tructi\e to rose bushes, but it 
18 as pests of sugar-cane that thev are of special importance. 
Their occurrence in destructiv^e numbers in the Barbados cane- 
fields is rare, and seems confined to small and shifting areas; but 
in Mauritius, into which island it seems highly probable that 
they were introduced in sugar-cane stools from Barbado^ great 
and continuous damage is being caused over an ever-widening 
area. 

While investigating root grubs of sugar-cane at Spencers 
plantation towards the end of the year 1911, the writer noticed 
in the soil beneath and about the roots of sugar-cane small num- 
bei*8 of brown cocoons. These proved to contain pupae of a black 
Scoliid wasp, which was bred out. When forwarded later 
through Mr. G. A. K. Marshall, then Secretary of the Entomol¬ 
ogical Research Committee, it was identified at the British 
Museum as Tiphia parallela, Smith. The specimens then in the 
British Museum collection, which were females only, had been 
obtain ^d from Brazil. 

Both sexes are shining black in colour, with greyish 
pubescence on the legs, and grey fringes at the joints of the 
abdomen. The wings are lightly tinted with brown. There is 
very considerable variation in size among the females, the range 
in length (excluding the antennae) in a representative collection 
being from 15 mm. to 9 mm. The males range from 9 to 6 5 mm., 
excluding antennae and anal spine. The males are readily dis¬ 
tinguished by the presence of thi* spine, which projects from the 
tip of the abdomen ; its rigidity and stoutness sufficiently prevent 
confusion with the sting of the female, and it has a marked 
upward curve. 

By examination of the remains adhering to the cocoons the 
writer was able to determine that the host was the larva of 
Phytalus. 

After rain in early June the adult wasps, male and female, 
were found in large numbers in the same locality feeding on the 
honeydew on aphis-infested sorghum. They were observed in 
great y fluctuating numbers until about the end of September, and 
it was noticed that towards the end of the period there was a large 
preixmderance of males. In J913 large numbers again occurred 
in June in practically the same place. That their emergence is 
not confined to the wetter months is proved by the finding at 
all periods of the year of newly parasitized larvae. Possibly 
there is some check to emereence during dry weather, though 
experiments in the insectary have not supported the supposition. 
Of twenty-one laboratory-reared examples, each of wnich had 
pupated in earth in a separate Petri disn, eleven which were kept 
air-dry averaged thirty-five days, and ten which were kept moist 
averaged thirty-six days in the cocoon. The periods ranged 
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between thirty-two and forty days, with one exception in each 
case ; one of those kept dry emerged in forty-seven days, one of 
those kept moist in forty-hve days. More observations are needed, 
but partly at any rate the finding of large numbers in the wetter 
months must be ascribed to the opportunitit's for collection 
afforded by the attraction of the honeyaew. No instance of their 
visiting flowers has been observed. Of the distribution of Tiphia 
about the island little is known, and that mainly of a negative 
character. An outbreak of Phytalus, small in area but rather 
severe, in a cane-field at Waterford plantation, 10 miles from 
Spencers, was examined in May 1918, and amongst a large 
number of cane stools dug up, only one 1 iphia cocoon was found. 
The manager of Spencers plantation states that a similar out¬ 
break of Phytalus took place some three years back in the fields 
where Tiphia is now so common. It would appear that we have 
quite sufficient rooiri in the small area of Barbados for the typical 
sequence of a local outbreak of a pest followed by the migration 
and ultimate preponderance of its parasite. 

Under these circumstances the percentage of parasitism 
depends upon the stage which has been reached in the local cycle. 
In the well-developed example at Spencers the number of cocoons 
and parasitized grubs found during extensive digging, amounted 
to some 30 per cent, of the total number of grubs and cocoons 
found. There being several generations of Tiphia to each gener¬ 
ation of Phytalus, this figure must be much below the actual 
one, since no account was taken of the large number of empty 
cocoons representing recent generations of Tiphia, nor does it 
include the number of grubs which would still have been attack¬ 
ed before pupating. 

Information as to the life-history of the parasite was first 
obtained from discoveries of early stages in the field. Later the 
stocking of Wardian cases for an attempt to introduce it into 
Mauritius afforded further opportunities, especially for watching 
the behaviour of the adult wasps, while it has recently been 
found possible to carry through successive generations in the 
insectary. 

The largest number of eggs actually obtained from one 
female in captivity is six, but an examination of the ovary tubes 
seems to indicate an egg capacity of at least seventy. 

The laying female may be seen in the field running quickly 
over the surface of the soil, her antennae vibrating rapidly all the 
while. As she obtains the required indication she commences to 
burr(jw, shuffling forward witn her legs and appearing to use her 
head to separate the particles of soil. 

Tiphia has never been induced by the writer to take any 
notice of a grub on the surface, but the method of attack was 
seen in the case of a half-buried grub, and closely resembled that 
of Campsomeins dormta^ to be described in detail later Neither 
Tiphia nor Campsomeris will lay on a grub close to the surface, 
but after stinging it into quiescence, each proceeds to burrow 
under it and drag it down. The Tiphia mentioned above took 
several minutes in getting her prey out of sight, during which it 
recovered activity after the first sting, and received a second* 



152 


The egg is laid transversely in a fold of the dorsum of the 
thorax, and is firmly agglutinated throughout its length by a 
cement wliich is colourless at first but eventually becomes dark 
brown. The egg measures a little over a millimetre in length. 
It is quite white when first laid but soon darkens slightly. In 
no case under natural conditions has more than one perfect egg 
been found on one grub. Occasionally a grub has been found in 
the field with an egg or larva upon it, and in addition to this a 
brown elongated spot has occurred, apparently marking the 
position of a previous egg. In the insectary, where the opera¬ 
tions of several females were confined to a limited number of 
grubs in the same flower-pot, such eases were very common, and 
the remains of two eggs in addition to the living one w^ere 
sometimes found on the same grub. It appears somewhat 
probable that when a wasp about to deposit her egg finds one 
already there she destroys it. 

The egg stage occupies five to six days. At the end of this 
time the membrane splits transversely close to one end, which 
then forms a cap liinged on its dorsal margin. From the opening 
thus made the head and one or two additional segments of 
the larva are extended. While thus situated the larva 
punctures the skin of the grub with its mandibles. The 
perforation is very minute, and is very little enlarged during the 
remainder of the life of the host. The head of the larva is closely 
applied to the hole, hut is not pushed into it. and is quite free 
to move. Whether in feeding there is an actual suction by the 
larva, or whether the fluid simply wells out from the wmnnd and 
is imbibed from the surface, w^as not determined. Continuous 
movements resembling peristalsis may be seen within the body 
of the parasite. On the day following that of hatchij^g the egg 
membrane splits dorsally along its length, and tlie back of the 
larva is revealed, but the larva stilJ firmly adheres by its ventral 
surfac(‘ tt) the egg mend^rane belo\v, thus retaining its attacliment 
to the host. The successive moults are accomplished in a similar 
way : the skin splits along the back and gradually recedes down 
the sides of the larva as the latter increases in circumference. The 
number of moults was not determined with absolute certainty ; 
in addition to that which occurs on passing into the pupal stage 
two were observed during the time that the larvae are attached 
to the host, occurring in' normal examples three to four days and 
seven to eight days after hatching. 

The increase in length of three typical examples is shown in 
the subjoined diagram. Until about the tenth day from hatch¬ 
ing, growth is steady and regular, this being the period during 
which the host remains alive, or at least, retains its normal shape 
and turgidity. Up to the last day or two of this period it is 
quite active, biin’owing through the soil and in some cases feed¬ 
ing. On the last day it is without movement, and the large 
anal segment has usuallj^^ become translucent. Until this stage 
is reached the parasite has retained its original attachment, 
becoming considerably arched as it increases in length, and 
hanging to one side across the back of the host like a firmly 
stuffed pillow. It now pushes out its long tapering neck, 
hitherto concealed, and attacks the actual tissues. It usually 
begins behind the head, eating a large hole into the thoracio 
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segments of its now collapsed and detached victim. The whole 
body is cleaned out in a few hours, only the shrivelled skin, with 
the feet and the hard brown integument of the head, remaining. 
The increase in size during this final stage of feeding is remark¬ 
able, the linear proportions being more than doubled. 

Tlie larva proceeds to spin up in .situ, the long neck facilita¬ 
ting the attachment of tlie thread to diiTerent points in the wall 
of the cavity previously occupied by the liost. A very loose 
fluffy outer covering is first formed, and within tljis a firm- 
walled, extremely tough, elongate-ovate inner envelope. The 
cocoon is whitish at first, but darkens to a tawny brown. 

Days from liatcliing 



The process of s])iiining, so far as it can be externally watched, 
occupies about twenty-four hours. 

The lime spent in the cocoon, as observed in the insectary, 
is usually from thirty-two to forty days. Only in three instances 
in tlie writer’s ex[)erience has this been exceeded, in which cases 
periods of forty-five, forty-seven and tilty-six days were reached. 
Excluding these, the average of twenty-two carefully recorded 
examples was thirty-five days. 

The Avasp emerges by biting an irregular l)ole through the 
cocoon near one end, generally the larger one. It may he heard 
rasping away the envelope at that point with its mandibles an 
hour or so before its head appears. 

Both sexes take food, if it is available, immediatelj^ after 
emergence. In captivity cane syrup, sugar and water, and 
honey are readily accepted. 

Copulation has been observed both in the field and in captiv¬ 
ity. If, however, a virgin female is confined over soil containing 
Phytalus grubs she will proceed to lay fertile eggs. The experi¬ 
ments which have established tliis were carried out witli females 
reared separately in small Petri dishes. Pliytalus grubs, exam¬ 
ined under a dissecting microscope to make sure tliat they were 
free from eggs, were buried in soil mixed with a few fibrous 
roots in large flower-pots, made with a bulging rim to fit. closely 
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round the base of large lantern glasses. The top of each glass 
was covered with tissue paper held tight by a cardboard ring. 
A hole was punched through the paper with a pencil, the female 
(slightly chloroformed) introduc^, and the hole closed with 
gummed paper. Difficulty in obtaining grubs limited the ex¬ 
periment, but some fifteen eggs were obtained from five females. 
All hatched and produced normal larvae. Owing to external 
circumstances only three adults were secured from these eggs, 
all males. 

In view of experiments in introducing this or other s pec ies 
of Tiphia tor the control of Melolonthid grubs in other West 
Indian islands and perhaps elsewhere, it may be of value to give 
the results of the writer’s experience in Barbados. The most 
obvious procedure is to dig up and transmit the cocoons, but 
success has not ensued from the practice of this method. Large 
numbers of cocoons have been dug out under the writer’s per¬ 
sonal supervision. They have been exposed as little and handled 
as carefully as possible, kept on or in soil or in various recepta¬ 
cles, in diffierent degrees of moisture. Always the number 
emerging has been disappointingly small, with no observed indi¬ 
cation of the cause of failure, under each condition tried, ex¬ 
cept when I he cocoons were completely buried, a small percen¬ 
tage emerged, while the rest of the cocoons when opened showed 
larvae, pupae or images dead and dry. Buried cocoons failed 
altogether. It seems most probable that mechanical injury is 
inflicted in the disturbance involved in digging up and trans¬ 
porting the cocoons. The tenderness of Lepidoptera at the same 
stage will occur as an analogy to the entomologist. It scarcely 
needs to be added that shipment of such cocoons, in cool storage 
or by parcel post, has not been attended with success. 

The method by which living material was eventually landed 
in Mauritius was as follows : Wardian oases with a sugar-cane 
stool established in each were stocked with healthy Fhytalus 
grubs, and Tiphia images, male and female, were introduce and 
fed with syrup and water. Many of the grubs were later found 
to be parasitized, others had completed their development and 
commenced a new generation of Fhytalus in the cases. Fresh 
grubs were introduced as they were obtained up to the date of 
shipment. The only information I have received was that 
from this material wasps were obtained in Mauritius which laid 
on Fhytalus grubs in the inseotary there. For introductions 
where the time taken in transit does not exceed the length of 
the life cycle of Tiphia, it would be sufficient to have a number 
of boxes containing grubs in soil, to cover each for a few days 
with a cage of mosquito netting within which Tiphia images 
could be confined, and then to remove the cage and transmit 
simply the boxes with the parasitized grubs. Frobably success 
might be attained in sending cocoons, provided these had been 
formed in the insectary in small boxes of soil, match-boxes, say, so 
that they could be sent with a minimum of disturbance. In any 
oi^e, unless the indication that the partlieuogenetically produced 
wasps are males should fail to be confirmed by further exper- 
im^ts, it will be necessary to send a sufficient amoant of parasite 
material to give a reasonable chance of males and females emerg¬ 
ing about the same time. 
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The second Scoliid^Tto be described, Campsomeris (D’elis) 
doThatai Fab., is found inj Barbados throughout the year. The 
wasps occur very abundantly on flowers at frequent and 
apparently irregular intervals, sometimes both sexes together, 
sometimes with one or the other greatly preponderating. Their 
visits to flowers cease shortly after mid-day. The males have a 
curious habit, so far observed only in the afternoon, of collecting 
in large numbers on any convenient piece of vegetation, such as 
a grass stem or a yam vine, forming an assembly like a swarm of 
beea The writer is quite at a loss to account for this habit, 
which occurs in several other Fossorial wasps met with in the 
West Indies. 

The sexes are very diflerent in appearance. The male is 
slender, 12 to 17 mm. in length. The doraal surface of the 
abdomen is striped laterally witn yellow and black, the ventral 
surface is blue-black; the second (apparent first) abdominal 
segment is considerably smaller in circumference than the remain¬ 
der. A narrow yellow band bordered with black makes an 
almost complete circle on the dorsum of the thorax at the level 
of the wing insertions, and is repeated behind. The antennae are 
cylindrical, about 8 mm. long. 

The female is stouter and has a length of 14 to 24 mm. The 
colour is a uniform shining black with the exception of a brick- 
red blotch which covers the dorsal aspect of segments three and 
four of the abdomen, divided only by a black line at their junction. 
The wings are of a deep metallic blue. The antennae are about 
4’5 mm. long. There is considerable greyish pubescence on the 
thorax, legs, neck and waist, and on the front of the head. 

The notable range in length observable in each sex of both 
Tiphia and Campsomeris is not a regular variation about a central 
mean. The larger sizes are more abundant. The tendency seems 
to be towards the attainment of the maximum for the sex, 
limited by the nutrition available from the single larva of the 
host. Attention has not been specially directed to the question 
as to whether there is any tendency to the selection of large grubs 
by the laying female, but quite small grubs have occasionally been 
noticed to be parasitized. Observation has seemed to show, quite 
definitely in the case of Li gyrus, that in a continuous breeding 
place small larvae are much less common at any one time than 
those approaching full size, due presumably to the earlier stages 
of growtn being passed over more rapidly, which, granted the 
influence of nutrition, would sufficiently account for the 
relative infrequency of the smaller sizes of the parasite. The 
whole question is perhaps worthy of direct investigation. 

The life-history of this wasp was worked out during 1912 at 
Spencers plantation. Since it had not at that time been found 
by the writer in connexion with Phytalus, the probabilities 
pointed to Ligyrus as its host, and a search revealed, associated 
with Ligyrus in pen manure, an abundance of parasitic larvae 
and cococms which turned out to be those of Campsomeris. 

When pen manure, containing large numbers of Ligyrus 
grubs, was beiijig put out in the fields and buried alongside the 
young clumps b? sugar-cane in February 1913, large numbers of 
the wasps, male ana female, were seen in the same field; 



males were darting rapidly about just above the ground, the 
females were flying from one cane clump to another and alighting 
to search the surface of the soil over each place where the manure 
was buried. M any were seen to burrow rapidly out of sight in 
such situations. They remained below for very various lengths 
of time, and in most cases digging at the spot where the wasps 
had burrowed revealed, at a depth of from 6 inches to a foot, a 
larva of Ligyrus alive but stupefied, and with an egg upon it. 

A healthy larva of Ligyrus was dug up and placed on the 
surface of the soil near to a hunting female Campsomeris. The 
latter quickly took notice of it, and a struggle ensued between 
the two wliich lasted about five minutes. The wasp, before she 
could use her sting, manoeuvred for a liold which would enable 
her to plant it in the right place, which proved to be a spot 
between the legs of the larva, as near as could be made out 
between the third pair. Three times when the wasp faced the 
grub for this purpose some part of her head or its appendages 
was seized between the mandibles of the grub. When she finally 
succeeded in inserting her sting the grub immediately relaxed 
and became quiet. The wasp then proceeded to burrow under it, 
and after loosening the soil, she pulled it under. This was about 
5 15 in the evening. 

The place was marked and visited early next morning, when 
the grub was found buried 10 inches deep, with an egg upon it. 
The wasp, in an exhausted condition, was turned up at the same 
time. There was no manure within several feet of this place, so 
that it is unlikely that a second grub was mistaken for the first. 

The egg of Campsomeris is attached by one end about the 
middle of the ventral surface of the grub. It is easily separated, 
and the resulting larva is not attached to its host. The difference 
from Tiphia in these points is no doubt correlated with the fact 
that the Ligyrus grub does not recover its activity after being 
stung by Campsomeris, but remains in a quiescent condition, 
making only slight movements of its legs when disturbed. Since, 
as will be mentioned later, Phytalns is occasionally successfully 
parasitzed by this wasp, it appears likely that its sting has the 
same efibet on the larva of that insect. 

The development of the Campsomeris larva is very similar 
to that of Tiphia. The history of the specimen above-mentioned 
may be continued as an example. The egg was laid during the 
night of the 13th or, more probably, early in the morning of the 
14th of February. The further observations made are summarized 
below : — 


Date. Day. 


Peb. 

14 

1 


\5 

2 

1) 

16 

3 

») 

17 

4 


21 

s 

1 > 

22 

0 


24 

11 


26 

12 


26 

13 


CJrub with the newly deposited egg placed in insoctary. 
Not hatched at 1 p.m. 

No observation. 

Kgg found to be hatched when examined at 10 a.m. 
Parasite well grown ; host still shows faint movements. 
Parasite growing fast ; host doubtfully alive. 

Ho.st quite dead, skin half empty ; parasite more thin 
doubled in length since last ooservatioii. 

Skin empty except for earthy matter in alimentary 
cunal. Parasite disengaged itself during day and 
began to spin up. ^ 

CoSoon getting well into shape at d a.tQ, 
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The actual date of emergence is not known. The cocoon was 
found empty on Api’il 15, the wasp liaving escaped unnoticed. 

The duration of the egg stage was thus three to four days ; 
the host remained alive six to seven days after the parasite 
hatched ; spinning began on the ninth day after hatching. The 
duration of the cocoon stage was not more than forty-eight days, 
probably some days less. 

The cocoon of Carnpsomeris is easily distinguishable from 
that of Tiphia. Thesliapois cylindrical-oval. Tlie outer envel¬ 
ope is not loose and fluffy as in Tiphia, but has a consistency 
like that of loose-textured tissue paper. It encloses the inner 
envelope somewhat slackly. The method of emergence is also 
different : the wasp cuts round the cocoon near one end and 
pushes to one side the neat cap thus formed. 

Campsoinei'is is by far the most common of the flower-visit¬ 
ing liymenoptera in Barbados, but although it is very plentiful, 
the percentage of Ligyrus parasitized at- Spencers lias not been 
found to be large in the situations explored. Pond mud, of close 
texture and very firm, is largely used in making up the pen 
manure, and seems to afford protection to large numbers of the 
grubs. As described above, when this material is more or less 
broken up by distribution in the fields, the wasps collect about it 
in a way that is not seen before it is disturbed. 

In digging up cane stools in the fields an imago or a cocoon 
of Carnpsomeris was occasionally met with in the situations 
usually occupied by Tiphia, and in the extensive digging oper¬ 
ations connected with the shipments to Mauritius it was definite¬ 
ly established by the examination of the skins attached to these 
occasional cocoons, that Carnpsomeris is to a small extent 
parasitic ou PhytalusC The ratio of this parasitism to that due 
to Tiphia at the same time and place was calculated to be about 
one-hundredth. The writer has never found Tiphia on Ligyrus. 

A Rhipiphorid beetle, identified through the Imperial Bureau 
of Entomology as Macrosiagon ociomaculatus, Gerst., has several 
times bean found to emerge from cocoons of Campsorneris, and 
has been taken on flowers of Antigonon leptoims, which are much 
frequented by the imagos of that wasp. No direct information 
has yet been obtained as to its method of parasitism, but it is 
probably that common to the order, the eggs being laid on or 
near flowers, the young larva attaching itself to a wasp visiting 
the flowers, and transferring itself when the egg of the wasp is 
laid. Numbers of a triungulin whose relations have not been 
ascertained were recently found on several Ligyrus larvae which 
bore eggs of Campsorneris, 

So far observations have shown that Tiphia, which does not 
visit flowers, completely escapes this parasite. 


1 All earlier record of the parasitism of Cainrisoinoris on Phytalus is con¬ 
tained in a letter from Mr. G. A. K. Marshall to the Superintendent of 
Agriculture in Barbados, mentioning the lindin'^ of one example at Spencers, 
in February 1912. This is the occurrence referred to in the Report of the 

Bureau of Entomology, 1914. 
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The investigations described m this paper were carried out 
in connexion with the Barbados Department of Agriculture, and 
are published by kind permission of Mr. J. R. Bovell, I.S O., 
F.L.S., P.C S., Superintendent of Agriculture. The somewhat 
ragged state in which certain matters have been left is due to 
my transfer from that Department, and the assumption of duties 
of a different nature. I am specially indebted to Mr. A. A. Evelyn, 
of Spencers plantation, without whose interest and co-operation 
the field work would have been impossible; and my thanks 
are due to my present colleague, Mr. H. A. Ballou, M.Sc., 
Entomologist to the Imperial Department of Agriculture, with 
whom I have discussed various points arising in the course of the 
research and in the preparation of this paper. 

EXPLANATION OF PLATE. 


Fig. 1 Tiphia parallela egg on Phytalus t x 4^. 

Fig. 2 ,, larva three days old x 4^ 

Fig. 3 ,, larva eight to nine (?) days old, x 1^, 

Fig. 4. Campfiomeris dorsa la , egg on Ligyrusi. 

Fig ti ,, larva one day old. 

Fig. 6 ,, ,, larva beginning to attack tissues of host 

Fig. 7 ., Wvaatendof feeiling period , x 3. 

Fig. 8 ,, larva beginning to spin up , x 4^. 


H. 


(Fig. 3 from a photograph by H. A. Ballou, remainder by the author.) 


ON LEGISLATINO AGAINST PLANT DISEASEa 

BY FRANCIS WATTS, C.M.G., D.Sr., F.I.C., F.C.S., 

Imperial Commissioner of Agriculture for the West Indies. 

The question of legislating for the control of plant diseases 
presents many and great difficulties, some of which, at least, are 
not appreciated by the lay mind. 

Generally the demand for legislation arises from the occurrence 
of a striking and destructive manifestation of some particular 
pest or disease, which gives rise to th^i feeling that the Govern¬ 
ment should intervene to assist in its eradication, and to prevent 
its spread from the lands of those who may be negligent to the 
lands of those who are exerting themselves to control the trouble. 
Usually, simple cases of this hand present comparatively little 
difficulty from the point of view of the legislator ; the trouble is 
manifest, easily recognized, definite and probably threatens grave 
disaster. Remedies can possibly be indicated, or at the worst the 
destruction of infected crops can be undertaken to stamp out tbe 
disease, and to protect the interests of those whose cropa are 4ot 





7 


8 










159 


yet attacked. In these circumstances it is not difficult to make 
provision directed to specific ends, and no matter how drastic 
these provisions may be, the feeling of alarm on the part of the 
community usually ensures ready acquiescence. 

In this case matters are comparatively easy, but tlie State, 
having assumed responsibility in regard to protecting the interests 
of cultivators, soon finds that it is expected to give consideration 
to other pests and diseases than those which caused alarm, and for 
which specific treatment is probably obvious. The question now 
arises —to what extent and in what circumstances should the 
Government intervene, and what constitute the pests and 
diseases that require State attention. The cultivator of crops 
doubtless has little compunction in suggesting that all things that 
are liable to do him any material injury should have consideration, 
and that he should be protected from any negligence in respect 
to them on the part of his neighbours. 

As a general proposition this may appear on the face of it to 
be fair and reasonable, but when it comes to dealing with the 
question in detail the simplicity disappears, and it is not easy to 
frame general laws which shall meet cases as they arise. 

In the first place, while it may not be difficult to define a 
particular pest or disease where the conditions of its operation 
are grave and precise, it is by no means easy to say when some 
disorders assume the degree of seriousness tnat should bring them 
within the recognition of the law. Further, it is not always 
obvious what are the causes of certain troubles that are desired to 
remedy, and legal definitions become difficult or ambiguous. Still 
further, scientific knowledge may be imperfect in regard to the 
trouble and its causes, while investigations may bring fresh facts 
to light, rendering some of the legal arrangements futile or 
inoperative. In o^er cases there may be no readily available 
remedy that can be suggested, and it may be necessary to con¬ 
sider the question of destroying the infected plants. 

Then there arise questions of administration — who is to 
ascertain when diseases or pests are piesent; to what extent must 
the State exercise supervision, and to what extent must the cul¬ 
tivator of any crop be held responsible ? In conditions of gravity 
these questions are perhaps easily settled, for the sense of danger 
stimulates the whole community ; but when the trouble assumes 
a minor degree of importance and there are local wranglings and 
doubts, then there arise the difficulties and vexations which 
lead people to feel that the law is troublesome and irritating; the 
regulations are evaded and another dead law rests on the Statute- 
book. 

That something ought to be done by the State to control 
plant pests and diseases is fairly obvious, and it would seem 
possible to suggest means of legislating, which, while being suffi¬ 
ciently fiexible to meet changing conditions and advancing 
knowledge, shall yet be definite and sure enough to afford com¬ 
munities the protection to which they are reasonably entitled. 

To this end it is suggested that pests and diseases of plants 
should be regarded as Mling into two categories ; namely, those 
that are of considerable gravity, and those, which while trouble¬ 
some, are of a leaser degree of seriousness. 



In regard to diseases of the first class, legislation should 
provide for the definition and description of the pest or disease, 
should make provision for its detection and notification to the 
proper authority, and should indicate the steps that are to be 
taken in controlling it. Pests and diseases of this class might be 
known as Notiliable Pests and Diseases, and adecpiate machinery 
should be provided whereby any particular trouble may be de¬ 
clared to be a notifialde pest or dibcase, and for stating the stops 
t(# be taken with regard to its conti’ol. It would a]>pear desii*able 
that the main body of any Ord'nance slunld not be encumbered 
with length}^ details ; these could be better dealt with in schedules 
and regulations made under the Oi'dinance, and provision might 
be made for the addition from time to time to the list of notifiable 
pests and diseases, and to the regulations governing the means of 
control 

As the Jie*gnlatioiis made under the Ordinance would prob¬ 
ably, at least in some (*ases, l)e of a serious nature and entail 
grave consequences, as for example, it maybe necessaiy in the 
last resort for the Government to take over the infected land sc» 
as to afford adeepiate protection, it would be im})ortant to ensure 
that the Regulations should have ample considei-ation before being 
brought ijito elicct. In (‘fdonial legislation it would he a mattej* 
for ({onsideration whether the ad(iitions to the list of notifiable 
])ests and diseases and the liegnlations relating to them should 
be made by the (TOvernor-in-E\ecutive Coumal. or wliethei* it 
might not be desirable for these matters to be brought- before the 
legislative body for final ap[)roval. 

Tlie second class of ^jests and diseases would comprise those 
that are infectious and liable to do harm, but not of siicli danger 
as to render it necessary to make them notifiable. The existence 
of tliese pests and diseases will become known through the 
activities of agricultural oliicers, and from the experiences of 
cultivators of crops, wliile in most instances wheiv. legislation is 
undertaken to control crop pests and diseases, it will h(‘ found 
necessary to appoint regular inspectors having authority to 
inspect crops and to repcjrl to the responsible autlioritv under t he 
law. 

Now, it is at this stage that legislation often becomes 
troublesome and irritating, or its provisions ai'e neglected. The 
adoption of proposals along the following lines will, it is thought, 
work efficiently. 

As soon as the existence of an infecjtious, V)ut non-notiliable 
disease is known, the authority responsible for the working of the 
law should inform the owner of the crop, or the occupier of the 
land, of the measures which should be t-aken to remedy the 
trouble ; in many cases this will suffice, and the necessary steps 
will be taken. If not, two aspects of the case require considera¬ 
tion. In some cases neglect to take steps to control the trouble 
will only injure the owner of the crop : lie may be so remote from 
other cultivators that his neglect cannot injure them, or there 
may be no otlier area under the crop in question, or any other 
crop likely to be injured by the pest or disease in the neiglibour- 
hood. In this ease, after affording the owner all the advice 
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and assistance that is reasonable, he may safely be left to his own 
devices. 

Where, however, the neglect is likely to lead to injiuy 
resulting To othei* people, the Inspector employed under the law, 
or any adjacent land-owjier or cultivator, through the inspector, 
should have power to call upon tlie person on whose property 
the crop pe\st <;r disease exists to take tlie no(^essary steps to 
abate the tr()nl)l(‘. Should tlie person so called upon refuse or 
neglect to take tie* iiecu^ssarv steps to abate the trouble, either 
the inspector or t lie aggi’ieved owiiei* or eiiltivator should have 
power to ap])ly to a magistrate for an order directing the person 
responsible for tlie pest or disease complained of to t.iko steps to 
remedy the niatt(‘r. 

Before granting tlm order the magistrate would have the 
opportunity of leai*iiing from evidemu^ givcMi before liim whether 
it is reasonably possilile to undm-take remedial or preventive 
measures, and h(‘ woiiM lie abh^ to avail himself of the t'vidence 
and advice oT the S(dentilic* olheers of the, agricultural depart- 
meiits which is an integivil part of all goveriiiiieiital macdiiiiery 
in well-regulated f*ommunities 

Penalties slioukl ai,tae,h to any m*glect to (Miiiiply with the 
magisterial ordt'r, and power sh.ould bt^giviui to tlie (loveniment, 
through its ])roper oflicers, to cai*ry it out- in any case wliere the 
owner negbsds to do so, and to recover tlio cost f)*om him. 

This method of liandliiig the matter reiniires tln^ pi*ovisioii of 
the minimum amount of special machinery, and tlic ])ovvors given 
are only invokcfl in case's wlien* there is r(‘al need t) exer*c*ise 
them. Tn most cas(»s eailtivators are^ ready to lake the necessary 
steps to protec-l t heir own interests, aiul those who ai-i* deliberately 
disregardful of Ha ir neighbours’ welfare are not numerous ; the^y 
would be ellbctively dealt with in (be manner indie*at,ed. 

The met hod lias 1 Jh‘ advjinlage that it permits of dis])ute(i 
cast's being dealt with each on its merits, and not under tJie 
[irovisions oT a general law. It also allows of the dii-ecdion being 
given to (*in])lov tlit' best reiiK'dies, and without- alteiiipling to 
burden the Statute-book with remedial measures ; it pc'rmits the 
appli(\‘iiion of tli(' best knowledge existing up to the time of 
eiujuiry. This point is not unimportant, for with the progress of 
investigation it- frenueiitly happens that new knowledge 
ac(*uiiiulat(‘s and new mi'tliods are reeomniended, and these often 
take some ennsiderabb* time to hnd tlieir way into official 
regulations. 

The main law would contain provision for the (U'eatioii of 
a Schedule of pests and diseases which are regarded as 
‘ liifeetioiis but not-Jsotiliable ’ in respect to wliicJi action may 
bo taken on tlie linos suggested. Provision should he made for 
the amendment of this sidiedule from time to time, either by the 
addition to or removal from it of tin* names of plant pests and 
diseases. Seidng that the ijuastions arising in tliis connexion are 
of lessei* gravity, it may suffice if provision is iiiatle for these 
amendments to be made by the Governor-in-hlxeciitive Council, 
or the e(|uivaleut, w ithout reference to the Legislature for final 
approval, as was suggested in the case of ‘ Notifiable ’ pests and 
diseases. 
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It would be the obvious duty of the Agricultural Department 
of each country to aflpord cultivators by means of investigations, 

f mblications, and the activities of the departmental officers, the 
ullest information regarding the pests and diseases likely to be 
met with, and as to the best means of dealing with them. 

There is another aspect of the control of the spread of plant 
pests and diseases that must have consideration, and which may 
conveniently be dealt with under the main law relating to the 
subject, that is the control of imported plants or of other things 
calculated to render liable the introduction of plant pests and 
diseases from beyond the confines of the country. 

In this connexion it is right to legislate that all plants on 
importation shall be subject to inspection by officers appointed 
for the purpose, and that these officers shall have power to apply 
to these plants such mesasures as they believe to be capaole 
of rendering the plants safe in regard to the possibility of their 
introducing or spreading any plant pest or disease. In the 
event of any plant arriving for importation which is expected 
to contain any ‘ Notifiable ’ pest or disease, or which, in the 
opinion of the proper officer, is infected with a plant pest or 
disease in such a manner as to render it dangerous, power 
should be given to the officer to order its destruction. 

Power should be given to require the importer of any plant 
to place it on importation in such a situation that it can do no 
harm if it should happen to contain some plant pest or disease 
not recognized by the officer controlling the importation. For this 
purpose it might be required that the plant shall be placed for 
a specified time in a Government Quarantine Station, or *the 
importer might be permitted to put it in some approved place 
in which it should be subject to inspection by a properly qualified 
officer of the Government for so long as may be thought 
necessary, and from which it may not be removed without the 
written permission of the proper authority. During the period 
that the plant remains in quarantine, whether in the hands of 
the Government or in some place duly approved, it should be 
open to the inspecting officer to cause it to oe subjected to such 
treatment as he may deem necessary for the control of any pest 
or disease that he may suspect to be present, or he may order 
its destruction in such a manner as will obviate the spread of any 
pest or disease, should he deem this course necessary. 

It will be desirable to make provision to prohibit the impor¬ 
tation of any kind of plant, including seed, from countries where 
any dangerous pest or disease of that, or an allied plant, is 
known to exist: at tlie same time it will be well to have the 
means of prohibiting the importation of any plants whatever 
in certain circumstances from any particular country where 
some particularly virulent trouble may be known to exist. In 
framing the Regulations governing these matters provision 
should be made for modifying or limiting them at the hands of 
the Government so as to avoid irritating and vexatious occur¬ 
rences. These matters might conveniently be dealt with by 
Regulations made under the Law by the Governor-iu-Executive 
Council, or in some equivalent manner, 
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DRAFT OF A BILL TO PREVENT THE 
INTRODUCTION AND SPREAD OF 
PLANT PESTS AND DISEASES. 

The following provisional drafts of a Bill and Orders are 
put forward as illustrating the general principles enumerated in 
the foregoing article : they would doubtless require amendment 
to adapt them to the conditions of any particular colony. 

Be it enacted by the Governor and Legislative Council 
of.as follows :— 

]. This Act may be cited as The Protection from Diseases 
(Plants) Act, 191 .. . 

2. In this Act the following expressions have the meaning 
hereby assigned to them, that is to say, 

‘ Plant * includes any tree, plant, herb, root or grass, or part 
thereof, respectively. 

‘ Plant disease ’ includes any or all conditions which may 
result from the action of or be communicated by any 
animal or vegetable organism. 

3. It shall be lawful for the Governor with the approval 

of the Legislative Council by Orders published in the. 

Official Gazette to declare any Plant Disease to be a Notifiable 
Plant Disease and to order the steps that are to be taken for 
its control, and it shall be lawful for the Governor to declare the 
area upon which a Notifiable Plant Disease exists and such 
adjacent areas as after such enquiry as he may deem necessary 
to be infected with Notifiable Plant Disease, and should it 
appear to him to be necessary for the control of the Notifiable 
Plant Disease, the area described in such Order may be acquired 
by tije Government and shall vest in the Colonial Secretary of 
.his successors and assigns for the use of the Govern¬ 
ment of ... . and for this purpose the owners and occupiers of 
and all other parties interested in any land acquired as prescribed 
in this section shall receive such compensation as may be fixed by 
agreement or by the arbitration of two arbitrators to be 

appointed under the Arbitration Ijaw of. It shall be 

lawful for the Governor with the approval of the Legislative 
Council to rescind, alter cr amend any Order made in pursuance 
of this section. 

4. If the owner or occupier or person having the charge or 
management of any land fails to carry out any measures required 
to be carried out by him under any Order issued under the 
preceding section, the Chief Inspector or any person authorised 
l)y him in writing, may enter on such land and may carry out 
any measures required to bo carried out under the said Order, 
and the cost of carrying out any such measures shall be recover- 
nble from such owner, occupier or person as the case may be at 
the suit of the Chief Inspector, or any person authorised by him 
in writing, as a civil debt before a Magistrate. 

5. It shall be lawful for the Governor-in-Executive Council 

by Orders published in the Ojfficial Ornette to declare 
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•any Plant Disease to be an Infectious but Noii-Notifiable Plant 
Disease, and it shall be lawful for the Governor-in-Execuiive 
Council by Orders published in the ... Official Gazelle to 
rescind any order or notification made in pursuance of this 
section. 

0. It shall be lawful for the Goveinor to appoint a Chief 
Inspector and such other persons as he may deem to be necessary 
to carry out the provisions of this Act and of any Orders issued 
thereunder, and the Goveinor may by Wairant direct payment 
out of the Piildic Treasury of tlie reiuunoration and expenses of 
all such persons and of any other expenditure that may in the 
discretion of the Governor he deemed to he necessary for the 
purposes of this Act. 

7. Any person appointed under the provisions of the next 
preceding section may with such assistance as may be necessary 
enter upon any land wliatsoever (whether the same shall or sJiall 
not have been declared to he infected vjr suspected of being 
infected wulh plant disease including non-notifiable) and there 
examine any plant, article or tiling, and dig up tlie ground and 
fell, lop, dig up and take away any suspected or infected plant, 
aiticle or thing, and do all such other acts and things as may he 
expedient in order the more effectually to ascertain whether the 
said land or any plant thereon is infected with [ilant disease, and 
may search for any plant disease. 

For the purposes of this section any person so appointed as 
aforesaid shall have pinver to pass ovei' any adjoining or inter 
veiling lands. 

8. npoii the discovery of the presciu'e of any Infectious 
but >»on-Notiliable Disefise the Chief Inspector shall advise t he 
owner or uc(*upier of the land on which tlie disease is round as 
to tlie methods that may be taken to remedy or (iontrol tlie 
disease. Should the Chief Inspector he of opinion that the disease 
may become a cause of in jury to the cro}is or plants of any other 
occupier, he may call upon the owner or occupier of the land 
upon which the disease exists to take the necessary steps to re¬ 
move or control the disease. Should the person so called upon 
refuse or neglect to take the steps required, the Chief Inspector 
or any owner or occupier of land who believes himself to he 
liable to loss or injury to his crops on account of any neglect; of 
the part of any ])ersoii to remedy or control any Infectious but 
Non-Notiliable disease may apply to the jMagistrate of the Dis¬ 
trict for an order directing tlie person called upon to take such 
steps to remedy or control the disease as the Magistrate may 
direct, under a penalty for neglect, to comply with the older of 
a line not exceeding fifty pounds. 

It Before making any' older the MagisMate shall hear 
any evidciu^e that may be tendered on behalf of the person ap 
plying for the order and on behalf of the person against whom 
the order is applied for, and after hearing evidence he may specify 
the nature of the operations that are to be taken to remedy or 
control the disease. Should the person against whom the order 
is issued neglect to carry out the conditions of the order, tlie Mag¬ 
istrate may direct the Chief Inspector or any person authorised 
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tlio Cliief InRpf^otor io oarry out llio (‘otkHI ions ol’llu^ oi’dor aiul 
to rocovei* llit* cost from llu* porsoii against wliom <lie nrdrr was 
issued 

10. It shall he lawful for llu^ (h^vernor-iii-Exeeutivt‘ Council 

hy Oi‘dei*s published in the. Ojjivial (uizetle lo 

[irohibit absolutely the iniportat-ion into the Colony from any 
{^ouiitiy or (countries named in the Oi*der plants, ai'licles or things 
t.o be named in the Order whhdi in the judgment of the (Jovernor 
are likely to be a means of introducing or spreading plant disease 
in the colony. 

11. The Oovernor instead of absolutely prohibiting the 
importation of any plant, article or thing may by Order prescu’ibe 
the conditions under which alone the importatioii (d* any ])lant, 
ai*ti(de or t hing shall he permitted. 

12. The Governor-in-Executive (^uincil may at any time 
revoke or vary any Order oi* ])ai*t of an Onba* issued under 
stMjtions 10 and 11 ol* tliis Act. 

l.‘>. Any t)rder issued under this Act shall he <^1* the same 
(‘heel as if it wci*e contained in tliis Act, and sliall hf‘ jiulicially 
notir*ed. 

1 1. Any »a<lei- issiH*(l under this Act shall come into opeia- 
1 ion on jHihlie.ation in tie* ...... Offinnl (utzrffr or at 

such lime as may he named in such < )]*<ltM*. 
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DRAFT ORDERS. 

Protectiox from Disease (Plants) Act, 191 . . 

PANAMA MSEASR OF BANANAS. 

1)1 afM*o)*(lajK‘e with the* pi'oviHioiis coiit.ainod in seolion 
(d* TIh- PjotcMitioii f 1*0111 Disease (Plants) Act, No . of 191 . . .it 
is lierehy de(?lare(l hy tlio Govenioi* vvitli tlie approval of the 
Li^isLitive Council tliat the (lis€*ase of Bananas known as 
Panama Diseasi' is ii Notiliable Disease wit liin the meaning of 
tlie Act. 

2. Every owner or occupier aiul every persfin liaving the 
1 ‘harge or management of land who knows of or suspects the 
existenet‘ of Panama Disease on any land < f wliieh ho is owner or 
occupier, or has the charge or management shall with all prac¬ 
ticable speed give notice in writing to the (/hief Inspector 
appointed undiM* this Ae,t of tla^ fact of the land or of any plant 
t hereon being so infeet.ed or suspected, and shall in such noiiei* 
give all inforniation in his power as to the (jxtent and nature of 
the disease. Tln^ said notice shall he served pi‘rsonally on the 
<-hief Inspector, or shall be addressed to him hy registered post. 

o. The (Jhief Inspector shall so soon as pracjticahle after the 
reiadpt of the notic^e give instructions in writing to the owner or 
occiijjier of the land as to the measures to he taken to control the 
disease, anfl should he deem it nect\ssary he may require that the 
area upon which the disease exists and such adjacent areas as he 
may reasonably require shall be isolated by means of bmces of 
any description, ditches or otherwise. He shall prescTihe or 
regulate the destruction or removal, uprooting, disposal or treat¬ 
ment of plants and products of a vegetable nature witliin the 
district, area or parcel of land declared to he the subjec^t of the 
provisions of these regulations, and he may yu'escrihe and regulate 
tlie (deansing and disinfecting of the district, area or parcel of land 
oi* may |ires(.*rihe the yieriod within which it sliall not be lawd'ul to 
j)lant or replant with any yilant whatsoever or with any particular 
plant named hy him the whole or any yiortion of the said land. 
He may yirohihit cr regulate tlie movement or despatch of persons 
and animals, and the removal and carriage of earth, soil, manure, 
vegetable products or other things in, into or out of the said 
district, area or yiarcel of laud. 

4. The Govenior-in-Executive Council shall have power by 

Proclamation in the . Official Gazette to close or divert any 

road or path yiassiiig through any area upon which it has been 
notified that Panama Disease exists. 

5. Should it appear necessar}^ for the adequate control of the 
disease, the Governor-in-Executive Council niaj^, by Proclamation 

published in the . Official Gazette acuynire possession of any 

area or yiarcel of land or of any portion thereof tliat lias been 
declared to be the subject of the regulations made in accordance 
with tlie third section of this Proclamation. The owners and 
o(;(uipiers of and all other parties interested in any land acquired 
as prescribed in this section shall receive such compensation as 
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may be fixed by agreement or by the arbitration of two arbitrators 
to be appointed under the Arbitration Act No.... of. 

6. When the Governor-in-Executive Council is satisfied that 
Panama Disease no longer exists upon any land acquired in 
accordance with the terms of this Proclamation he may, if in his 
discretion he so thinks fit, at any time by Proclamation published 
in the. Official GazeMe restore to any owner receiving compen¬ 

sation any area or parcel of land acquired in the manner above 
stated or any part thereof upon the repayment by the owner or 
his representatives of the amount paid by the Government upon 
acquiring the land, or of such amount as may mutually be agreed 
upon. Should the owner decline to accept restoration of the land 
in the manner indicated, the Governor-in-Executive Council may, 
should he deem it desirable, dispose of the land in su(;h a mannej* 
as be thinks tit. 


I^ROTKITIOX FROM DlSKASR (PoANTS) A(T, I tU— 

RUl) ROT OF ( OOO-NUT PALMS. 

Tn accordance with the provisions contained in section 3 of The 
Ihotection from Disease (Plants) Act No. ... of Ihl—, it is hereby 
declared by the (h)vernor with the approval of tlie Legislative 
Council that the disease of coco-nut palms known as Pud Rot is a 
Notifiable Disease within the meaning of the Act. 

2. Every owner or occupier and every person having the 
charge or management of land who knows of or suspects the 
existencie of Bud hot of Coco-nut palms on any land of which he 
is owner or occupier or has the charge or management shall with 
all practicable speed give notice in writing to the Chief Inspector 
appointed under this Act of the fact of the land or of any plant 
I, hereon being so infec^ted or suspected, and shall in such notice 
give all information in his power as to the extent and nature of 
the disease. The said notice shall be served personally on the 
(Jhief Inspector, or shall be addressed to him by registered post. 

3. The Chief Inspector shall so soon as practicable after the 
receipt of the notice give to the owner or oociipier of the land 
instructions in writing as to the measures to be taken to control 
the disease, and for this purpose he may order the desinnttion, 
removal or disposal or treatment of plants and products of 
a vegetable nature in smdi a manner as may a))j>ear desirable and 
necessary for the (iontr*ol of tlie disease. 


Protection from Disease (Plants) Act, 1!)1 — 

SCHEDULE OF INFECTIOUS BUT NON-NOTIFIABLE PLANT PESTS 
AND DISEASES. 

In accordance with the provisions cont-aineil in section 4 of 

The Protection from Disease (Plants) Act No. of 191— it is 

hereby declared by the Governor-in-Executive Council that the 
following plant pt*sts and diseases are Infectious but Non-Noti- 
hable Diseases within the meaning of the Act: — 






1. Bird Vine. 5. Rhinoceros Beetle. 

2. Bleeding Stem Disease of t^oeo-iiuts. li. Gru-gru (Jnib. 

3. Parasol Ants. 7 Locusts. 

4. Cacao Beetle. 8. Love Vine. 

Note. —The foregoing are taken, merely for purposes of 
illustration, from the list of pests and diseases prcxjlaimed under 
a law now in force in Trinidad. The conditions of each colony 
will determine the nature of the pests and diseases to he referred 
to. 


NOTES ON 

TRICHOGRA MM A MINUT11M (PRHTIOSA.) 


BY S. (*. HARLANI), B.S(. (Loild.), 

Assistant Agricuiltural Superintendent, St. Vincent. 


iNTROmirTION. 

The entomological literature of the West Indies contains 
many references to Trichogramma minutum^ Riley, the egg- 
parasite of the lesser moth borer of sugar-cane (Oiatraea sao 
charalifi, Fabr.). 

Ballou I states that the eggs of the cotton worm {Alahama 
argillacea) are parasitized by this insect, and that the egg-parasite 
of the arrowroot worm (Calpodt^n ethlius, Cramer) is probably this 
species of Trichogramma. Bodkin.^ has made a study of the 
parasitism of the eggs of Dintraen mccharalis by Trichogramme 
and, quoting from Howard and Fiske.j, makes the statement 
that a closely allied or similar parasite is known as an enemy of 
the cotton boll worm (Heliothis ohsoleta^ Fabr.)., and of the 
brown-tailed moth (Euproctu< chrijsorrhea) in the United States. 

It was with the object of determining with certainty to what 
extent the Trichogramma minutum^ obtained from the eggs of 
Diatraea saccharalifi, is capable of functioning as a parasite of the 
eggs of other insects, that- the experiments recordea below were 
carried out. 

The eggs of the following insects were used in the experi¬ 
ments :— 

(1) The boll worm (Ileliothis obaoleta, Fabr.). 

(2) The corn worm {Laphygma frugiperda, S. and A.). 

(3) The pink underwing moth (Utetheisa ornatrix, L.\ 

(4) The bean leaf-roller ( Evdamua proteua, L.). 

(5) The arrowroot worm (Calpodes ethlius, Cramer). 

(6) An iniideiititied species of cut worm. 

(7) The (cotton Stainer {Dyndercua delauneyi, Leth ). 
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METHOD OF PEOOEDUBE 

It was necessary to use eggs kiKjwn to be fresh and unpara¬ 
sitized. In the case of the cotton staiiier, eggs were readily 
obtained by kee[)ing the females in captivity in test tubes lightly 
plugged with cotton wool, feeding them with pieces of newly 
opened cotton bolls. Eggs of the other insects were obtained by 
imprisoning female moths under a hell-jar. inside which was a 
tumbler of water (‘.ontaining branches of the food plant. Kood 
was provided consisting of drops of molasses diluted with water. 
It was found that under these conditions eggs were readily laid 
on the food plant. 

To induc(‘ parasitism, the simple method was adopted ol' 
placing a leaf with eggs in a test tube with several parasites. 
The parasites on observing the eggs would, in case they proved 
suitable for ]jai*asitism, remain on them, ovipositing for a consifl- 
erable period. 

TUB BOLL WORM {lleliotluH nbsoleUu Fal))‘.). 

In 81. Vincent, the boll worm is chieily important as a pest 
of maize. The eggs are laid singly on any pari of the ])Iant, 
though usually they are most abundant on the young silks and 
tassels. From a large collection of eggs 4 iiade in tlu; Held two 
species of parasites were obtained :™ 

(a) A small yellow ily with red eyes indislinguishahle 
from Trirhoijramma minuttuH. 

(b) An unidentified black hynienoptero)i. 

Trichograinmas bred from eggs of Diatraea were ((‘adily 
induced to oviposit in eggs of the lioll worm. In nine days, six¬ 
teen parasites were obtained from six eggs. These parasites wer< 
given access to a fresh cluster ol eggs of Diatraea. Oviposition 
took place, and fni*ther parasites emerged in <Iiie course. It is 
clear that Tt'irhi>(fva))n}i(i unmUinu is abb* to lireed in eggs of 
Htiiolhfs nhsolctf/. Undo]'Hclfl condilions a)M)iit !<> pci* c(sit. of 
the eggs were parasitized. 

The bla(jk parasite mentioned abov«‘ is comparal i\»*1\ mi 
common, and it was not use<l in any of the experiments. 

THE cons WORJM {La})hf/gni(f fiifgijtenh/, A ). 

The eggs of Laphygma fnigipenia arc laid in ‘ lustei s. 
The number of eggs in a cluster ranges Irom lio loR. and, 
as slated by many observers, t.hey arc covered u ith a kind of 
Felt, which is seen under tin* miscri>seope tn cemsist of short 
curling hairs. The covering varies greatly in anioimt. Some 
times it is so thiek t liat Du* outline of the t*ggs can H<*,arccly In, 
distinguislied ; it may, howe^er, he almost al)scnt. riu* reason for 
these differences is luM known. Two cNphniat ions suggest 
themselves : — 

(1) Weather f'onditiuiis. 

The amount of felt appears to be reduced in dry weather. In 
Bequia, the rainfall of which is about half that of 8t. Vincent, the 
covering is, on the average, miKth less. 

(2) The age of the moth. 
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The number ot* eggs in a cluster decreases more or less with 
tlie age ot‘ the moth. Semi-naked clusters contain usually a 
smaller number of eggs than those which are thickly felted. 
Since the felt is taken from the body of the moth, it is reasonable 
to suppose tliat tlie moth may use up most of the available 
material in the first laid clusters, and thus have very little with 
which to cover those laid at a later period. 

When given a cluster of eggs of Laphygma, the parasite 
becomes very interested, and after examining it carefully, en¬ 
deavours to oviposit. If the felty (jovering is very thick, oviposition 
is THjt successful, for the full number of larvae invariably hatch out. 

1 f t he cluster is semi-naked, oviposition can take place. Thus, 
from a cluster of thirty-five partially parasitized eggs, 
sixteen larvae hatched in three and a half days. The remaining 
parasitized eggs turned black in colour, and gave rise in ten 
days to fifty-s(*\’en Trichogrammas, an average of three parasites 
])er egg. 

KrtMjuently there are two layers of eggs in a cluster, and loss 
itften three. In this case parasitism of the lower layers is impossi¬ 
ble, since tla*y are not accessible to the parasite adults. Many 
hundreds of clusters of eggs have i)een (collected from the field, 
but from two clusters only was the Tricluigramma parasite 
obtained. 

It seems clear, therefore, that eggs of Laphygma Jr ugipet'da 
(*an, under (;ertain conditions, be ])arasitized by 'IVic/iogramma 
minutum. The natural protection afforded by the felty covering, 
however, i-eiiders the pai-asitisni in Nature almost negligible. 

TRK riNK UNDIOKWlMi MOTH (Utvtheim oruatrix). 

‘The larvae of this moth feeil on various s[>ecies of Crotalaria, 
and no other food plants have l)een observed. The eggs are laid 
usually on the upper side of the leaf, singly or in short chains of 
three to t welve eggs. Examination of a large number of eggs 
disclosed tlie fact that two egg-parasites were ])resent:— 

(a) An insect indistinguishable from Trkhugramnia 
'mnuitam. 

(b) A black h\nienopteron, pri'sent in much larger 
numbers. 

I’richogrammas from Diatrami readily parasitized the eggs of 
IJtdlipisa ornatrijL\ and vice versa Fifteen Utetheisa eggs gave 
rise to seventeen Trichogrammas in ten days. The ability of 
Trie ho gramma minutum to breed in the eggs of Utetheisa ornatrix 
is tlnis established. 

THE BEAN LEAF-ROLLER (Eudamus proteus^ L.). 

Ail attempts to induce Triciunjramnvi minutum to parasitize 
tlie eggs of this insect have been unsuccessful. The female ex¬ 
amines the eggs for a short time, and then leaves them. The 
surface of the egg appears to be covered with a thin layer of 
some viscous substance, which has the effect of repelling the 
arasite. 

P 
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THB ARROWROOT WORM (Calpodes ethlius, Cramer). 

Ovipositioii readily took place, aii<l from live eggs, eighteen 
parasites emerged in nine and a lialf days. The maximnni 
number of parasites obtained from a single egg was five. A care¬ 
ful search for parasites in the Held showed tliat parasitism by 
Trichogramma vimutum is rare, but that the pest is eflicieiitly 
controlled at certain seasons by an unidentified brown hymen- 
op teron. 


THE UNIDENTIFIED CUT WORM. 

During the months ot August and September a large number 
of clusters of eggs were laid on tlie walls of tlje Stevensoii st.Tc^eJi 
which protects tiie meteorological instruments at tlie Expciiinent 
Station. It wac. thought from their shape that/ they were tlie 
eggs of a species of cut worm. Trichogramnui-liko insects were 
frequently seen o\ipositing, and Trichogrammas from 
saccharaliti readily oviposited. J^arasites eiuei*ged in ten days. 

THE COTTON STAINER (Dyyfdeiriifi delauneyi). 

The eggs of this insect wei’ti ignored. The liy did not even 
(‘xainine tliem. It may lx* mentioned at this point that some 
eggs of a s[>ider were also ignored. 

orUBH EGU-PARA.SITEJ?, 

The following table gives a sununary of the egg-])arasites 
reared at the Experiment Htation during tJie past few months. 
ISo far as tin; writoj* is aware, most of them have hitherto Jiol 
been identitled ;— 
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Host. 


Table. 

Varasite. Remarks. 


Dijit raea (a) Pio)j]iaiiuriis aleetiis i Reeordecl from Bril- 

saceliaralis (h) A slender orange-red ish Guiana. 

fly. 1 Unidentified. 

: (e) Ti'iehograinina minu- ! 

! tiini. 


Utellieisa i (a) Triehograinina ininu- 

ornalrix linn. 

■ (1>) A rather large black 

Hy. 


Unrecorded from this 
host. 


lleliothis , (a) A small black Hy. Unidentified. 

obs(^>letai (b) Trichogramuia minu- . Unrecoi'ded from this 
' turn. host in the West 

, ' Indies. 

Kudamus | (a) A stoutly built brown Unidentified. 

])roteus! ! 

I (b) A smaller brown 11}^ ' ,, 


(Jalpodes • j (ii) A small brown fly 
(‘thlius| similar to E.praiens' 

(1); 'rrichogramma minu- Recorded as probabh* 
turn. 


(a) A ralluM* large and An egg-parasite ol 

Xezara i stoutly built- blacfk this ])est has been 

\ iridula (^haleid. ' re(?oi*d<.*d from St 

(b) A smaller black Clial- Ci'oix, but it is 

(*id not known wheth- 

I (‘ 1 - either of th(‘ 

two St \'in<‘cnt 
' I species is the 

' same. 




173 


KxperimeiitH have been made to determine whether some of 
t hese par-asites were able to pai*asitize eggs of species other than 
tlieir I lost. The results are appended in tabular form. 

+ - parasitized. not parasitized. 


Parasite. 


Host. 


cS 

! ^ 




1 2 


I ^ ^ 

i.s , g-, 

IQ I 


0) 
o 
I C. 

I 00 

i S 


o 

O 




f ^ 

a 

s 

di 


00 


<v 
! TT 


cc 




! O 
: u 

-H- I ^ 

a> I CO 


, (1) Trichograninia niinutuni 

(II) Prophanuriis alectus 

(III) Parasite (c) of 1). saecharalis 
(1\ ) Parasite (li) of U. ornatrix ... 

(V) J*arasite (a) of (/. ethlius 

(VI) j’arasite (1)) of N. viiidula ... 


+ 


+ - 


+ 


It will be observiMl : (A) that (JJ), (IV') and (V) were able to 
f)ai asit ize the e^^s only of their <»\vi! host, (B) That parasite 
('*) of f), >^(i( rliai a/is could not. be reared at all. Jf may perhaps 
be a secondary ])arasite. 

Slmmahy and !)IS( ussiun. 

The results oi the experiments indicate that ; — 

(1) / nc/io(jr(nnnH( inuutfinn is able tofuiietioii as an ©gg* 
parasite oi DiaLrava mcc/iarcUis^ Hefiothis obsoleta^ 
Ldpht/ginti frugipeidd^ lJtctheii<a oriidirLiy Calpodes 
ct/iliiis, and an unidentilied cut worm. 

(2) Other egg-parasites conlined themselves to their oWn 
[larticular host. 

(;>) TvirfuHjramma minuhim would not parasitize the 
eggs of a iioiJ-lepidopterous insect nor of a spider. 

(1) 111 every ease Trichugramma minutum was a subsi 
dial y parasite, as the number of them obtained in the 
field W5i,s always less than that of the other egg- 
parasites of the same host. 
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It is probable that Trichogramma minutuni is able to utilize 
the ()1' a lar^e nuiiil)er of species of Lepidoptera as a host, 
and ill view of this, the oft-repeated statement that a parasitic, 
insect acts only as a check to the excessive increase of its host, 
may not in the futiirt* be altogetlier true. 

Lefroy, in a discussion of the relation of Trichogramma 
to Diatraea states his position as follows : — 

‘ Will the Trichogramma ever be anything beyond a check? 

No, for that is not Nature’s way.If the Trichogramma could 

find and destroy all tlie eggs, it would itself die for lack of food, 
unless it was al)le to adapt itself to other circumstances. But. 
these things do not , so far as we can see, occur in nat lu e.' 

]t seenis to the writer that the whole position must bo r(*cou- 
sidcretl in tin' liglit of tin* evidence ])resent(*d in these no((*s. 
()bviously, if Diatraea b(‘(;ame extiind,, Tricliograinnia would st ill 
survive, using other eggs as a Jiost. tliough possibly I’rophanurus 
might die out. 

Jt appears that just as there exist, insi'cts that are capabb* 
of f(*eding on a large number of difft'iM'ut [)la,ntK, and oUku* 
ins(‘cts wliich confine tliemsel\a*s to oin* ])lant or a small group 
of ndated plants, so also thei-e exist parasites which an* ('apable 
of breeding in a large number of diflcrent insects, and other 
parasites whicdi have one host only. 

The jiroblem of contj-olling lepidopterous pests may ultim¬ 
ately be solved by the utilization on a large ‘^cale of, more 
pai'ticidarly, the parasite of the lirst class. 

It will be conveni(‘nt consiiler bow' the moth borer 

{Diatraea sac('h(fralis) could be (^ont rolled moi i* (dleclivel\' than 
at pri'seiit. Two methods sugge.st. tbemseU t^s 

(a) To inci‘t^as(‘tile nunjbt‘ 1 * of hosts foi* Trichogramma in 
the neighbourhood — pi*efera]>ly on tin* windwaid side 
of (aine fields. 

tl)) To breed Triciiogramnias in ca])tivity and lil>eratt‘ 
them at convenient intervals. 

ff the lirsl method is to be carried out there are certain 
conditions whi(;h must, be hilJilled, wholly or in part. : 

(1) A lepidopterous inse<d. should be sought for, which 
breeds at a I'apid raU*, lays eggs preferably in large 
clusters, t;apal>le of being parasitized by Tricho¬ 
gramma. 

(2) This insect should feed on one plant only, or a small 

number of related plants, none of wliich are likely 
to he of any economic importance. 

(d) No other parasite should attack the insect exce]jt 
Trichogramma. 

’riie insect which most nearly tiillils the above conditions in 
St. Vincent is Utethemi ovnatrir. The larvae apparently feed 
only on a species of Crolalaria. (diielly C, reiiisd, a (joinmoii 
leguminous pasture weed of no economic impoi’tance. A lai*ge 
inoi’ease in the number of Crolalaria plants would cause a cor- 
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responding seasonal increase in the number of Utelheisa 
moths, and thus in tlie number of Trichogrammas. It is 
obvious that the practice of growing Crolalaria vetma either 
between the canes in their early stages or in strips near 
cane fields would result in a certain measure of control (»f the 
moth borer in those fields, and control would also be exercised 
over the boll worm, and probably also of cotton worms in 
neighbouring cotton fields. 

The disadvantages of Utelheisa uniatriv as a host an* 
these : — 

(1) The blatfk egg-parasite is larger than Tricliogramma, 
and much more almndant. It has been observed in 
the field that Trichogrammas ovipositing in eggs of 
IJtetheisa are often (listurbed by the black parasit(\ 
and prevented from completing their woi’k. 

(2) In t\vo cases it has been observed that wliei’e an egg 

is parasitized by both insecjts, Tri(ihogramma does 
not hatch. No definite judgment can yet be pro- 
noiin(;ed on this point, as the evidence is incomplete. 
If. however, the hatching period of the l)la(^k 
parasitt* is shorter than that of Trichogramma, t he 
above cases are acci)Uiited for. 

(2) A bracoiiid parasite of the larvae is very a))undant 
at certain times. This tends to reduce the number 
of moths available for egg-laying. 

At jjreseiit work is being carried on with Utelheisa, sinc^* 
a more suitable host has not yet been discovered. If it l)e shown 
that no suitable host, (‘xists in St. Vincent, the ))i-acticability of 
introdiKung a new host from sonu* other part of tlu^ world Jiiighl 
be cojisidered, being careful, howev(U\ not to introduce arn' 
insect capable of inflicting damage upon })i*esent economic crops. 

In regard to the breeding of Trichogrammas on a large scale 
in eHj)tivitv, no definite results can l)e given, as certain initial 
difficulties in the way of the successful prosecution of the work 
have not yet been overcome. 
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BAY OIL, AND THE CULTIVATION OP THE BAY 
TREE AS A CROP PLANT. 

liY H. A. TEMPAXV, D.So. (Loild.). F.C.S.. 

Uov^miiiionl Clieiiiist and Superintendent of A^rieultiire 
for the l^eeward Islandn, 

' and 
VV. ROBSON, 

(hirator of tlie Botanie Station. Montserrat. 

During the past few yeai's an increasing shart* of attention 
has heeii devoted in (certain of the West Indian islands to the 
possibilities involved in the production of the leaves of tlie West 
Indian Bay tree {Pimeiila aci is). for the purpose of extracting 
the essential oil. 

For many years the distillation of Bay oil and the nianufac- 
ture of Bay rum have ranked as an industry of some iinportancr 
in the Danish island of St. Thomas, the leaves for the purpose 
being mainly obtained from the neighbouring island of St. dan, 
while Bay leaves liave figured among the expends from several of 
the British islands, notably Dominica. 

Published acctounls of tlu* Bay oil and Bay rum industries 
and (‘ognate matte7\s have appeared in publications of th<‘ 
Imperial Department, of Agriculture, as follows : HVsf ivdftnf 
BuUethh Vol. IV. No. 2, pp. lltt-Sl). in which a g^meral accouiU 
of the botanical relationships of Pimrnfa ncris is givem. tog(dher 
with information con(?erning the trade in Bay leaves from certain 
of the West Indian ishuids. Il'V.s/ hidiait Bullel'ni. W)l. IX. 
p. 271. in a paper by om‘ of us in collaboration with Dr. Watts, a 
l)rief acjoouut of the chemk;al cnm])osition of Bay oil is given, 
together with the results of a number of experimental distilla* 
tions conducted at tin* Botanic Station, Antigua. IIV.s/ Indiuti 
Ptfl/c/in, Vol. XIJ. p. 51h\ in which an aci^ount isgi\(‘n of the Bay 
rum a.n(i Bay oil iiidustr es of St. Thomas and St.. Jan. by Mr. 
W. C. Fishlock, Chirator of the Expt*rimen( Station, Tortola 
Fieports on the Botanies Station, Montserrat, for t he y<‘ars lhlO-11 
to llM 1-15, iji (‘acli of w'hicJi snmmari/ed a(‘(^oinits are given of 
t lu systematic trials which have been in pr(►gross in t hat, island 
on the cultivation of Bay trees, and the systematk* distillation of 
the leaves. The most complete ac.count is given in the re])ort on 
the work of the Agihadtiu'al Departimmt for the year 1‘Jl 1-15. 

Of lal(* years a. number of notes h;i,\e appeared in the 
A(fri('nliural NetrH on matters ])ertaining to the cultivation of 
Bay trees and the distillation of the essential oil. while during 
the ])a8t year a number of notes on the same subject have also 
beeji laibiished in the Perfumwij (uhI Oil Record, A 

general account of Bay oil is given in (irildmeist-er and Flofl* 
mann's work on the Volatile Oils, English translatifiii. p. 51<1; also 
in E. J. Parry's \vork on Essential Oils ; while freipient notes on 
Bay oil have appeared from time to time iji Messrs. Schimmel & 
Co.’s 8erni-annnal Reports, Latterly tlie increased attentioJi 
which has l)een devoted to the (piestioii has resulted in a con- 
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siclerablp stimulation of iiito»*est in tlie possibilities involved in 
tlie emit iviitioii of Buy trees for tlie produetion of essential oils, 
and, in j\Jonlseri-Ut especially, th«‘n* lias ))een a delinite move on 
tlie part, of jjlanlers towards the establishment of small planta¬ 
tions. 

With this inereasefl interest Ibero has naturally ai’isen a 
demand for information in a eojunse form i-e^arding the 
prospe(*l s of t he industry, ( he hest methods (jf cnilivatioii to be 
pursued, the tnoJe of procedure likely to ^ive the best results in 
conducting distillations, and otlier general points in relation to 
tlie industry. 

Conseqiuiitly ill the following paper the attempt has lieen 
made to summarize existing information in respect of the lirst of 
t hese points, and to plac*e on record tlie principal results wliicli 
liave been achieved as the outcome of a number of years'con¬ 
secutive work along (rurefully deiiued lines. 

Regarding the market for Bay oil, exact information is difficult 
to pi-ociire siiK-e. as in tlit* case with many industries handling 
es.scmlial oils, tin* 1 radt* is coni]>aratively speaking a small one : 
the uses lo which the oil may be applied are strictly limited : 
while tli<‘ manner in which it is cmploytsl is oftfui gnai‘ded witli 
t*( msideral )lc st m- reew. 

From evideiute obtained from Messi-s. Scliinimel & Co’s 
Annual l\e])orts. it would appear that for manv years tliis 
imjiorlant nndt‘rtaking has been in the habit of meeting 
demands foi* liay oil by imports into the Fnited States of Bay 
leaves ohtain(‘d from Dominica. Some years ago the value of 
exports of Bay leavtvs from Domiiiitja declined (MUisiderahly, tints 
in the artitih* appearing in Vol. IV of tin* Wvni Indian Bnllcti)i, 
tlie value of the (exports of Bay leaves from Dominica are. on the 
aiitiiority of Sii* fl. Hesket-li Bell, then A<lniinistratoi* of tliat 
Presidtmey. stat<*d to Iiavt* declined from .£1.*372 in 18h8 to 1^4(M 
ill 11)02. Sinoc then, however, the annual value of the exports 
from Dominica iiave again increased, for in the Blue Book returns 
the ex})orts from i)oninii(^a were valued at. the following amounts 
for tlie ytMis 1010 to 1012 : 

1910. 1911. 1912. 

4:.‘)r)8 £641 £981 

It is furtlier to he noted tlial in tlit‘years 1011 and 1912, 
(‘xports of Bay leaves from Montserrat wt‘n‘ valued at £118 and 
£151. respectivady. 

A(‘eordiiig to .Messrs. S(4iinimel &: Co., llit* Bay oil produced 
from these expoits of leaves is used almost exclusively for the 
profhudion of I3ay rniii. In tlieir Semi-annual Beport for 1918, it 
is j'emarked that tlie demand For Bay oil continues to he 
extremely sustaimM in spite of the .serious competition which 
Bay rum, an article formerly so very popnlai-, is suffering from 
tht‘ innumer-ahle hair washes of tin* present day. 

•Judging from tin* accounts wliich appeared in Messrs. 
Scliimmel cV Co^s. repoi*ts over a period of thirteen years, 
llierc* does not appear to he any likelihood of tlie demand for Bay 
oil being ostteeded by its supply, provided the produdlon is main¬ 
tained at about the dimensiouB wliich have existed during that 
period. 
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Regarding tJie total produetioiie of Bay oil. but scanty infor- 
Uiatioii a[)pea!‘s to liio available. Data furnished to us through 
the (tourtesy of the Imperial Commissioner of Agriculture 
indicate that llie imports of oil into Ameri(;a, amount to 
about 2,tHtO ]t). annually; lliis would apparently be in addition 
to imports of leaves for the purpose of distillation. Further 
information from the same sourt-e indieates that the British 
market consumes fivun 4,0tK)tt). to r),OtKHt). annually, but of this 
some represents amounts re-exported from the United States, 
while some is Ix'lieved to l)e (lerived from the French West 
indijin eolonit*s. 

in legai'd to St. Tluunas. Mr. Fishlot'k, in a paper already 
i<*h*rf‘ed to, gives data (concerning th(» Bay rnin and Bay oil 
imhistries of that ])Iace. Jt woidci appear that so far as St. 
Thomas is coiucerned, it I’aiiks as a producing centre for* Bay rum, 
and a consuming centre foi* Bay oil and Bay leaves. 

Bay riim prodiuced in St. Thomas hears a universally r(x*og~ 
nized reputat ion for <|nality. and a considerable (*xport tra(ie takes 
place in tbis artichc both to the United StaU's and also t-o Central 
vVmerica. The St. I'homas’ industry is apparently almost entirely 
supplied fi'om the produce of trees grown in St. Jan, and also to 
some ext(*nt iji Uorto Rico. Leav(\s from the English islands of 
the Antillean (chain art‘ looked on with snspi(*ion by Bay i*nin 
makers in St. Thomas, as it is stated they are liable to contain 
admixtin*e of infeiioi* kinds. 

Regarding the possibility of an incr(*ased consumption 
of Jkay oil in the larger markets of the world, there would 
appear to he some prospect of an extension of the demand 
arising, provided that- regular snpjdies of oil of reliable quality 
beeome available. In this (connexion, the following remarks 
by Mr. J. C. Umney in the issue of the Perfumery and 
Efo^ential OH Herttrd for Angust 1915. are of consicierable 
importan(‘(‘ : ‘ Having regard to its delightful fragrance, 

we think that a considerable extension of the use of Bay 
oil could be found in soaps and other toilet articles, and we hope 
to hear of Britisli makers giving it a fair trial.’ 

Other information from authmdtativo sources appears to 
iudi(cate that considei able possibilities exist foi* the extended use 
of Jiay (jil in the perfumery trade. On the other hand, such 
extensions are handicapped at present })y the uncertainty of the 
existing supply both in regard to (juantity. and also to some 
extent of quality, while they would in all probability be accom¬ 
panied by some decrease in price. 

If a larger trade is to be built up it would apparently be 
necessary that supplies of oil of tliorouglily reliable quality 
should be regularly obtainable in sufficient (piantities. 

Begarding the market values for Bay oil at the present time, 
in the K^nglish market prices for British West Indian Bay oils 
range between lOs. and 11.s. per Ib.. c. and f. In St. Thomas, 
according to Mr. Fishlock, prices range from 14.«{. up to as high 
as even 20,v. per bottle, but these values do not appear to oe 
obtainable for oil from the English islands. In this market, the 
position appears to be that the existing demand is more or less 
completely met by available supplies, and any large addition 
thereto would result ip a general lowering of prices all round. 
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in Knglifth market, it is anticipated tlial, as already 
Vit.ated, in<*roas<‘d su|>])]ies f)l l>ay oil wonl<l t<» <‘0]'respondin^ 

’ext.(aisioii in its nt.ili/.ation prohahly .‘ie(*o]n[)atHed hy s(ailo do- 
(a-easo in the !nark(‘t value. (yoni)>elen1 aUl horil itvs have expressed 
t.h<^ opinion (hat, in these eireuiuslanees. a rane<‘of values lyiii):;; 
hetween ti-s*. and Ss. pei* ih. ijiiu:;ht- pta'haps I’easonahly ))e aiUiei- 
pat e(h 

sum up tliese aspects ot' IlaMjm'stion. il Would app(‘ar Dial 
\\\ th<‘ ])r(*sent time the demand ha* l>iy <>il and l»ay leases is 
n]f>r'‘ than sidli atmt t.o (‘iisiin* the eonsnmplion (jT I ht‘ snpph at 
])resent annually a\ailal>le in the \V<»st Indian islamls. 

Idle tot/M.! production is at present alnmst- <*ntirely utiliz(‘d iu 
the mannl‘a(*tui*e ot Bay rum. ha* whi(*h a eousiderahle demand 
eout-iimes 1 o exist iu spite ot the ever-inereasiii^ (‘(aupetit ion nt 
proprietary and other hail* washes of varsuug eomposition. 

Openings a]ipa»*eutly exist, for tin* ext(‘nded use of Bay oil in 
other hraneln*s of perfumery, lait. in ord(‘i* to ensure these drvel- 
of)nn*nts taking plaee. il wonld lie in*<‘(‘ssar\’ that rf*liahle supplies 
ot oil (»f satisfactory (|nality shiaild he available rt‘i^nlarlv, 
possibly at somesvliat lower pi*ie(*s than art* ohtainahle at the 
pres(*nt jniietnre. 

So far as is known, tin* existing snppli(‘s of l<*av(‘s and oil 
are almost entirely d«*rived from trees icrowin;.^ in a state* of 
nature, tln^ experinn*nts in progress in Montserrat to he deserihed 
lali'i* having constit-nt.ed tin* lirst al.teunpt in tin* Bi’itish West 
Indian islands at. the syst(*matie cultivation of the Bay tree* as a 
crop ])lant.. 

The in'arest a])proa(*h to attempt s at handling’ the prodnet ion 
in a syslmnatie manner hitln*rto have been in tin* Danish island 
i)f St. Jan, where the plant ^jjrows prohtieally. and where* it is 
stated e)n tin* ant.Imrity of Mr Fishlemk. it has hn* lon^ been 
enslomary tf) elt*ar tin* hush anel ti*ees fremi areas wJie]*e ha\ 
se‘e*eilin^s are* foninl ^jjreiw'in^ wilel, thus enabling the t.re*es lee 
deveJeip. Jnthis w*ay seve!*al thousands of trees are slated to 
have* Ix^eii estalilishe'el. 

Haviiie; hrie*fly surveye*el the conditions and prospects 
attending the industry, it is now proposeel to give a ge‘ueral 
account.of the metho(is (‘uijiloyed and the results acliievod in tin* 
syste*matie experiments w'ltieh have he^en iu piogressiu i\routsrti*- 
rat during the past twelve years, te^gethor witli a summary of 
pra,e*lical information legardiiig the (ailtivation of the Bay tree 
and the distillation and properties of ikay oil, wdiich has been 
a(*(mmulateel a. the result of the* work in ejue*stiom 

Some of tin* information to be given has already appeared in 
the annual reports on the work of the Agrienlt.iiral Department 
in Montserrat, but as the reports iu (jnestion an* not available to 
evei’yone. and also as mucli of the data have been obtained over a 
number of years, the principal results atJiieved are reproduced 
with considerable extensions in t in* followdng pages, in the liope 
that the information may prove of value to tbo'^e likely to be 
interested. 

Tlie earliest attempts at the systematict cultivation of Jbay 
trees were commenced at Harris’s Experirmmt Station, Mont.ser- 
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rat, in 1003, in which year a small plot ahont A of an acre in 
extent was planted in Bay ol>lain(*d I'rom the mountain 

lands where they were j^rowin^ wild. 

The plants ^rew rapidly, and the tirst- pit^kin^ of leaves was 
made in the year 1905. The subjoined tablt‘ shows the yield of 
fresh leaves obtained bet ween tbe years 1005 and 1011 : - 


Season. 

Yield of fresh I 

. leaves, in Ih, 

Estimated yield 
per acTe, in Iti. 

1905 

i ->21 

2,660 

laofi 

170 

••i.STO 

1907 

: 127 

2.790 

1908 

429 

9,440 

1909 

: 100 

' S,8U0 

1910 

402 

S.8I4 

1911 

' 290 

t;,880 


Tlie above results gave reason to believe that the (*ultiva.1 ion 
of tlie Bay tree might be undertaken on a cominereial sf^ale with 
prospects of success attending such a ventuie ; but, on the (vther 
liana, it was felt that owing to the small size of the plot consid¬ 
erable allowance would have to be made h)r experimental ei roi*, 
on account especially of tbe extra space en joyed by t he trees on 
tlie boundary of the plot. 

In consequence an experiment on a larger S(*ale was decided 
on. and a plot I acre in extent was laid out on tbe Cioveinmont 
land at Chateau on the western side of the island, in tlie \'ear 

1908. 

The piece of land chosen was ordinary (jotton hind somewhat 
stony and moderately well sheltered. The average rainfall may 
be judged from the records kept at Kinsale about 300 yards dist ant 
from the plot, the total annual preci])it-ation at vvhi(*li pkac'e for 
each year during whicli the experiments liavc been in progress 
is summarized below : — 


Y ear. 

Inches. 

1908 

47*39 

1909 

57*07 

1910 

15*65 

1911 

49-51 

1912 

51*66 

1913 

54*42 

1914 

42-70 

Meau 

4»*77 
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Previous to planting, the ground was weeded, and the iws 
laid out for planting 9 feet apart. Holes weie tlien dug hy 
means of a spade and tlie plants placed 9 feet apai t in tlie 
rows. 

The Bay plants used were seedlings raised at t ln' Bolaiiie 
Station from seed obtained from the Harris's plot, x^s the 
raising of Bay seedlings may present some difficulties to those 
unfamiliar with the matter, the following brief account of the 
methods employed is subjoined. 

The Bay tree produces seed during tlie peiiod June to 
August, generally in eonsid(*rable profusion. VVhere the seeds 
are to be obtained from large trees,, the clearing from weeds, ol' 
a space around the base of each tree, enables the berries to he 
picked from the ground as they ripen and drop ; but on areas 
of Bay trees cultivated in the manner described in this paper, 
the collection of 'lieed is a simple matter, and the berries as they 
ripen can be picked from the trees. New areas planted in Bay 
trees are found to yield a crop of berries at four years from 
planting and, when plentiful, a woman is able to collect 20 f|uartK 
of beri'ies in a day, and this efjual to about 8 lb. of seed. Each 
berry produces from two to eight seeds, and these are most easily 
extracted from the berry by crushing the latter in a bucket 
of water, when the seeds sink to the bottom, and the floating 
pulp and water are then poured oh. 

Bay seeds \ eiy soon loose their vitality and should be sown 
immediately they are taken from the berries. The most success¬ 
ful method of sowing is found to be in boxes, in a mixture of 
loam, leaf soil, and sand ; though the seeds can be Ruccessfull\ 
raised in suitably prepared beds. 

Failure has, however. i*esulted when the attempt has been 
made to raise the seeds in beds without protection from tlu' sun, 
and the shading of seed beds is pointed to as being essential, 
(termination takes place in about fourteen days, and the nursing 
of the ))]ants for the rather long period of t welve months, is 
necessary bedore they are tit to be planted out in the field. 

When sown in i^itluM* beds oi* boxes, tin*, seedlings will hv 
^•(‘ady for transplanting into jiurseiy beds .st from five to six 
months, the growth in the early stages being extriMiiely slow. 
Raised beds, b feet in width, are ])repared. to whieli some 
organic matter eithej* in tlu' form of vvidl decayed pen manure 
or of leaf monld has heen added, and the seedlings planted across 
the beds at a distance, of 8 inches betw'etm row's and 4 
t(> h inches between the ]>lants. It is desirable to provide 
a (*ertain amount of shade hu* a limited ])eriod after transplant¬ 
ing, as the young plants are susceptible to injury from strong 
sun. After they have become well established this shade can 
be dispensed with, subse(|uent attention consisting only in keep¬ 
ing the beds free from weeds, and supplying w'ater in periods 
of drought. 

When the season is approaching for transplauthig to the 
field, it is essential that consideration l>e gi\en to the prepara- 
tioji of the root systems of the plants to meet tlu* change and id 
jvboiit six weeks before it is intended to remove the plants, 
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the lap roots oF the young trees should l>e out with a spade or 
similar tool, the result fit* whicli is the Formation oF a mat of 
tibrous roots near the surface. This operation is considered to 
be absolutely m^oessary where plants are to be taken directly 
from the beds i.o tlie field. Ruceess in establishing areas by 
the means just described cannot however be looked for unless 
considerable care is exercised in carrying out the various details, 
and there is a geiiei’al desire on tlie part of Montserrat planters 
to obtain jilants that have been raised in pots. Three-inch clay 
pots (large bO’s) are used foi* tlie purpose, and previous to potting 
the plants are put out into nursery beds as described, and when 
about b or 8 indies in height are transferred to the pots and 
grown in a shaded nursery for from three to four months before 
being distributed. In this way plants at the lime of delivery 
should be * pot bound ’ for the reason tliat as pots are not allow¬ 
ed to leave the nursery, tlie plants are removed from the pots 
with the ball of soil intact, and packed in boxes for transporta¬ 
tion to the estate. 

After the plot had been planted, cotton was cultivated be¬ 
tween the young trees during tiie first year of growth. In sub- 
secjiient years no catch crop was grown, but until the end of 1910 
the young trees were kept free from weeds by lioeing a strip of 
land about 4 feet in width along each row of trees, the interven¬ 
ing space being only cutlassed occasionally. During the inter¬ 
vening jieriod the trees grew vigorously, and at the end of 1910 
were about 5 feet in height. Since 1910 the only cultivation 
given consisted of an occasional cutlassing back of the weeds 
and grass. This method of treatment seems well suited to the 
crop. 

Experience would appear to indicate that a catch crop of 
r^otton or some other suitable crop can safely be taken oft* for the 
first two seasons. 

After planting Bay trees tlie losses which occur seem to be 
chiefly due to the sudden death of trees on account of the attacks 
of soil grubs, which destroy the bark at the collar of the plants. 
The losses on this account are however not very considerable. 

As regards the best situation for Bay trees, any soil varying 
from a light to a clayey loam would appear to be suitable, 
preferably, perhaps, the latter. Very lignt sandy and stiff soils 
should be avoided. The moist situations near the base of moun¬ 
tains are better than situations likely to suffer from water short¬ 
age. Though the tree is comparatively hardy, on wind-swept 
land it is not likely to be a success. Generally speaking, the 
better tlie situation the better the results. 

As to the question of planting distance, on good soils 9 feet 
between rows and 6 feet between plants will be found in the 
end to be suitable. This gives about 800 plants to the acre. 
The period when the plants require especial attention is during 
the first two years, after which, apparently, the trees can thrive 
on a minimum of (iultivatioii. 

Kegarding the cost of establishing a plantation such as this 
no great amount of expenditure is needed, 
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The principal expense is incurred in preparing the land, 
raising the Bay seedlings, and in cultivation during the first 
two years of growth. If the svstein of growing a ({ateh crop 
between tlie young trees is ad<»]ned, the expense is reduced to a 
minimum. 

In handling the plantation, the idea kept in view has been 
to maintain the trees in bush form not exceeding a height of 
about 7 feet; such a course greatly facilitates the operation of 
reaping the leaves. 

The actual work of reaping the leaves is conducted in such 
a way as to prune the trees and prevent them growing beyond 
the desired height. As a result, in each reaping a good deal o 
top growth is removed. 

By following this mode of working, the expense and trouble 
of reaping is greatly reduced. Experience with the plot at 
Harris s Station, in which the trees were allowed to grow up, has 
shown that when this happens the operation of reaping is carried 
out uudoi* much greater difficulties. 

After ihe first two years cultivation expenses are very small, 
and have worked out, on the average, at Ib.s*. per acre per annum. 

The systematic reaping of the leaves from the plot was 
commenced in January 1911, The plan of making monthly 
reapings and distillations was followed, with the idea of 
endeavouring to obtain reliable information ns to whether the 
leaves yielded a higher percentage of oil or an <»il of better 
quality at any partirnilar period of the yeai*. 

The method of reaping followed is to remove shoots, on whi(*h 
all the leaves are seen to be fairly matured, with a paii* of 
ordinary garden secateurs, the leaves being stripped off* the 
shoots subsequently. Only a few shoots are removed from any 
one tree at a time, and nothing in the iiatme of stj ipping the 
trees is resorted to. 

It is estimated that one reaper, witli two women to strip the 
leaves from the branches, ought to collect IfOO H) of leaves per day, 
where trees are grown in bush form in a plantation, as in the 
case of this experiment. 

Each reaping was distilled separately by means of a small 
still capalde of holding 150 tt>. of leav'es. 

Before distillation it has been the practice to dry the leaves 
for three cla 3 ^s in a covered shed. The actual yield of fresh 
leaves, and the actual amount of oil obtained from them for the 
four years ending December 1914, are as follows :— 



^>ar. ^ 

Yield of green 
leaves in h. 

. .. 1 

Actual yielil 
of oil. 

i 

1 

Yield of oil in 
ounces per 100 Tbs, 
of green leaves. 

__j 

lilll ! 

1,368 

6,189 c.c = j 

221 oz. ! 

16‘2 oz. 

11U2 

l.lHii 

S,t)15 C.c - 
oOT O'/. 

j 16‘7 •>/.. 

11*13 i 

•_V>1(| 

12.764 c.c. 

156 o/. 

1 18-3 oz. 

lull 

3.2r,(; 1 

17,687 c.c.-- 
t)Ml oz. 

j li*'") oz. 


Ill (listillations the ].)i*aetiee was to oontiinio the 

opei ati<jii lor six lionrs, after whieli the distillaiioii was stopped. 
The tjuest ion of I ho profitable duration of distillation is dealt 
with ill a later pari of this paper. 

It will hr stH-n that ihron^hout there has hecai a-steady lin 
(‘lease in the yit‘ld of leaves, while the percenta^e of oil extracted 
lias als(Minproved in <‘aeh year. In this connexion it should be 
stated that with th(‘ pi'o^ress of tlie experiment increasing care 
has been i‘Xt‘ri*ised in llie motliod of i*ollectin^ the leaves, and 
steadilv im-reasino vi^ilarj(*e sliown to taisiire tlial only those 
shoots were i-einov(‘d on which tin* wliole of tlie foliage was seen 
to l>e mature. This would appear to ara'ount in some measure 
foi* the increase in tlie pententaijt* of oil, e\[)eriene(.‘ liavin^dem- 
imstrated that yoiino leaves give a smaller yield of oil than do 
mature leaves, wliile the (juality ot‘ the oil is also iiifeiior. 

Th<‘ values given above for tlie yield of oil per lOO Ih. of 
green leaves would appear to compare favourably witli data 
available from other sources Thus in the ])aper on * Bay I'lum 
and tlu‘ Bay Oil Industry of St. Thomas ’ I>y Mr. Kishlotdv, 
already referred to. the average yield is stated to be a bottle of 
oil from BlO ((► I4b 11>. of gretai leaves. If one assumes that the 
botth^ ill <|nestiou contains, as is usual in West Indian islands, 
oiie-sixtli of an Imperial gallon, Ave lind that th(^ value in (jues- 
lion works out approximately to 10 oz. of oil from 100 ]b, 
of green lea ves. 

The figures are also more cu* less closely in accord with the 
data given in the paper by one of us in conjunction with Dr. 
Watts, previously alluded to; the agreement is not so close as 
in tlie case of the St. Thomas figure, hut the leaves on which 
these preliminary experiments were conducted had been collected 
in Montserrat and forwarded to Antigua for distillation, con* 
se<|iieiitly no exact information is available as to the amount of 
water v^'hich they liad lost by tlrying between the time at which 
they were (jollecded and the date of distillation. 

We may now pass to the consideration of (juestions affecting 
the cliemical composition of Bay oil. 
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The following condensed account of the principal chemical 
characteristics of Bay oil is i-eproduced with some extensions 
from the paper on ‘ Essential Oils ’ by T)r. Watts and one 
of the writers })reviously j*eferred to. 

According to (Jildmeister and Hoffmann The \'olatile 
Oils , p. .>12) the chief constituents of Bay oil are as Tollows :— 

rile arrangement indicates the order ol the amounts present 


) 

h. Phellanderenc (CioHi.) 

7. Citral (C\,.H,,0) 

t)f these by far the most- impoj’tant are Kngenol and 
Myrcene. 

Eugenul is a phenol, namely Allyl-guiac^ol. Its l)r)iling point 
is 2*1)2''O-under a pressure of mm. its specitit* gravity is 
1*072 at 14*5'^ (\, and its refractive index at 20" C. is 1*51139. On 
oxidation it gives Vanillin. In a<ldition to its occurrence in 
Bay oil. it is eonlaiiied in large amounts in oil of (tloves and 
clove stems ; it is also h>und in oils ot‘ cinnamon leaves. (Jeylon 
(innamon, ])imeiita, massoy bark, and caiinella. In oil ol* doves, 
Eugeiiol is present to the extent ol 7tt to 85 per cent. 

iMyreen(‘ is an open chain hydro-earbon. one of the so-called 
Olefine terpens. Its boiling point is Ht) 7'' C. under a pressure 
of 20 mm. Its speeilic* gravity is *8028 at 15" C. Its refraetive 
index is 1*1078. Tt is very susee]>tible to ehange. and on stand¬ 
ing polymerizes to a thick oil. 

Ohavicol, the third most important eonstituent in I3ay oil, 
is present only in small <|uantities. It is p-allyl phenol ; it boils 
at 287'^ C. 


1. lt.ugenol ) 

2. Myivejic 

'■i. tJhaviwI (C„ H , „0) 

‘I. Methyl Euf.enol (C, ,H, ,0 . 
•■>. Methyl Chavicol (C, „H. ..O') 


Tlie remaining constituents are only pi*esent in small amounts 

The general average chemical and physical characteristics 
of normal Bay oil are as follows 


Specific gra\*ity 
Speeitic rotary power 
Refiactive imlex 
PheiK>l f'ojitent 


(KM t.o0*98(^/i'r,;„ 

up to minus 3*0 

(a 28^ C. 1*19 U> l*.5l 

.50 to 70 per <ieut. by \ohime. 


It has usually be<‘U customary to adduce th(‘ valuation of 
Bay oils on the ])li(‘nol content alone, but it is suggested that, 
such a course is not altogether fsir, liaving in view the special 
ehai’aeters of the product. 

It may be pointed out that Bay oil owes its chaiaeleristic 
odour not merely to the presence of phenols, hut also to that of 
other bodies, particularly 3iyrcene, which when present in the 
natural proportious (;ombine to impart to the oil its pet^uliar 
properties. If judged by the phenol content alone it would he 
quite posBibfe to so])hi8ticate a genuine Bay oil w hicli possesses 
a naturally low^ phenol content with Eugenol obtained from 



Bav oil of clove, which commands a distinctly lower price. It is 
to be noted that Bay oils with a high phenol content possess 
frequently a less attractive odour than those (jontaining smaller 
proportions. In this connexion the following remarks by Mr. 
J. C. Umiiey in the Perfumery and Essential Oil Record foi* 
December 1911, are of importance. 

‘ We have always felt that this oil of the eugenol-containing 
group has not. enjoyed the p)pularity that its sweetness and 
delicacy of aroma deserves, for obviously its money value has 
no ratio to its phenol content, as it contains the lowest per¬ 
centage of the group, and commands the highest price. Theie 
is little (juestion that the sophistication of the oil by dealers with 
( iigenol from other sources, or eugenol-containing oils, has to 
a large extent “ spoil its market."' ’ 

Mr. Umney in this article goes on to suggest that if pains 
were taken to bulk the oil so as to obtain a uniform product, ami 
the oil sold with a (Toveriiment guarantee that it is solely the 
product of Pvnenta acris, the product would soon lind its correct 
position in the maiket. 

It is to be observed that during the p»*ocess of distillation of 
Bay leaves the oil obtained varies progressively in composition ; 
in the earlier stages the oil obtained consists of the lighter, more 
volatile (constituents, largely Myrcene. At first the oil obtained 
is lighter than water, from whi(di it readily" separates and float s 
on the surface ; a point is soon aiTived at when the oil has the 
same specific gravity as water, frejm which it separates, witli 
difficulty ; later on an oil is obtained which is lieavier than watej*, 
and subsides in that li(jui<l. The heavier portions of the oil are 
relatively rich in Phenols. 

These oils are solulde in one another, and the manner in 
which they are seen depends on the arrangement of the 
apparatus. It may happen that the distillate, falling through 
the layer of light oil lloating on tlie surface of the water in the 
receiver, yields up the lieavier oil whicli becxniies dissolved in the 
lighter. Should, however, the rt*veiver be changed at a critieal 
period of the distillation, there may be no light oil present to aid 
the separation of that portion of the oil which has about the 
same specific gravity of water, and it may Jlow away with the 
waste water. The same remarks apply to that portion of the 
distillate which is perceptibly heavier than water. It may be 
retained by the lighter oil, or it may settle to the bottom of the. 
receiver. 

A normal Bay oil is obtained by mixing together the whole 
of the products of distillation; in the event of any portion of the 
distillate being lost, or the leaves not being completely exhausted, 
the product obtained will not be normal, since a portion of the 
constituents will be wanting. 

From the foregoing it is obvious that the operation of dis¬ 
tilling Bay oil is one which recpiires to be condm^ted with a good 
deal of care in order to secure a uniform product, and to avoid 
waste of important constit uents. In view of the fact that in th(^ 
past the distillation ()t Bay oil in the English islands has been 
left almost entirely in the hands of iguoniiit and careless native 
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workers, it is hardly surprising that the quality of the resulting 
product has frequently exhibited wide variations in composi¬ 
tion. 

As has been stated, monthly reapings of leaves from the 
experimental area were distilled separately at the Experiment 
Station, Montserrat, under the personal supervision of one 
of us; the resulting oil from each of these distillations was sub¬ 
mitted to chemical and physical examination in the Goveriiuient 
Laboratory for the J^eeward Islands. The results from each 
distillation, together with the chemical and physicial characters 
of the resulting oil in each case, are set out in the annexed tab¬ 
ular statement, in which are also included the mean results for 
the distillations in each month, and also for the entire period Jt 
should be remarked that although the plot has been reaped 
continuously for four yeai’s, systematic monthly distillations 
have only been made for thiee years, by reason of the fact 
that during the year 1911, owing to a breakdown of the still, 
it was not possible to carry out the reapings and distillations 
on a monthly basis. 
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A survey of these results will sliow the relatively" greater 
variation which occurs in tlie coiiipusition of the oil from the trees 
on the plot, while the yield of oil per IJO It. of leav-es also varies 
within wide limits. No very close connexion is observable be¬ 
tween the yield of oil and the season of the year at which the 
distillations are conducted, lior is the connexion ))etween the 
season of the year at which the distillations are performed and 
the composition of the rosultiiigoil particularly obvious, although 
there is some indication that leaves reayjed between the months 
of March and August give oils witli a higher phenol content 
than do those at most other seasons of the year. This may 
perhaps be interpreted as indicating that the best results are 
obtained in the dry seasons of the year. Distillations conducted 
during the year J915, and not included in these results, further 
strongly conhrin this idea. 

It is to be roniarked that the yield of oil per 1001b. of leaves 
shows a progressive increase as each yi‘ar elapses, and the infer¬ 
ence seems to be that the oil content (»f the leaves tends to got 
greater as the trees approach niatiirily ; although the result in 
question is partly due to increased (iarv in reaping, which has 
insured tliat none but mature lea\'es are gathered. 

As the outcome of these experiments, the (jnestion naturally 
arises as to whether much variation is experienc^ed in the yield 
and <|uality in the oil obtained from individual trees. A partial 
answer to this query is afforded by (*ertain experiments carried 
out at the aMontserrat ICxporinient St.ttion in the y ear lOlo. 

In these experiments separate distillations wiv conducted 
on leaves from six individual trees, the oil from oaerh distillation 
being collected and measured separately", and snhse({nently sub¬ 
mitted to cxaniination iji the Laboratory". 

The results of this experiment are given in tal.)ular form 

below ;— 
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Yield and Composition of Oil from Selected Trees. 
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72 
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I 2n°c. 

The roHiilts in (|uestioiJ appear to indicate, with a ^ood deal 
of clearness, tliat (considerable variation, both in the yield of oil 
and also in the (com[)osition of the !•eslllting pr*odiict occurs in 
the case of individual trees, and it would appear that the selection 
of trees for obtaining seed for planting purposes, on the basis 
of a satisfactory yield of oil of good quality, is likel}^ to be 
productive of good results, thus opening up a field for a large 
amount of useful w<»rk. 

Another point which has been made the subject of a certain 
amount of investigation is the progressive variation of the 
<*onipo9ilion of the resulting oil as the act of distillation proceeds, 
combined with an attempt to ascertain the length of time for 
which it is [uofitahle to continue distilling. 

In the experiment in (jiiestion 15U ll>. of fresh leaves were 
distilled for nine hours, each hour’s distillate being collected and 
measured separately ; subsecjiiently each fraction was submitted 
to analytical examination in the Laboratory. 

if 

The following table shows the yield of oil obtained at the 
end of each hour, together with the phenol content, specific 
gravity, optical rotation, and refractive index :— 
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I Hour of No. of 
No. j distillation, c.c. of 
oil. 


T 


1 

1st hour 

519 

2 

2jid .. 

12H 

•> 

8rd „ 

92 

4 

Uh 

9f) 

5 

1 oth 

f)!l 

h 

(>th „ 

58 

7 

7Uh „ 

5:; 

8 ' 

9th „ 

:is 


J) Mixturt' 

I Ist-Otli 


lU 


1st - 6tli 
liour 


Specific 
Gravity 
fe> 28^0. 

Jlefrac. 
Index 
(a 28 C. 

! Rotation 

1 in 100 
‘rrim. tube 
, at 28^0. 

Phenol 

Content. 

Per cent. 

d*8tK>9 

1-4831 

1 

1 - J-43 

23 

0-9241 

1 5150 

, -0-58' 

78 

1 0259 

1*5269 

0*25' 

89 

1-0381 

1*5301 

0-52 

93 

1-0409 

! 

1 

0*52’ * 

95 

1*0432 

1 1-5310 

010 

96 

1-0431 

lo316 

0-33 

99 

l-tMSf) 

1-5321 

0*25' 

1 

96 

' 1 

t>-9i78 

1-501)1 

. - 2-26 

60 

0*939(f 

1-5036 

2*12 

51 


It will ])(^ seoji iJiat tlu‘ volnino of tlip oil distillpd ])pr hour 
Hiininishes rajudlv^ aflrr tin* first lionr: of tin* total aiiiount 
oolleoted, about half comes ov^ej- during that period, the remaining 
fractions gradually diminishing in volume until the ninth hour 
is reached. 


It^ will iui’ther he scmui that the fracti(Ui cenning over during 
the first hour ditfei's very markedly in (juality from those 
collected suhsecjuently. In this (‘ase the specific gravity and 
the ])henol content arc i*elati\ ely very low ; the refi*active index 
is also low, while the jotation has a relatively high negative 
value. 


The s(*cond fraction differs sharply fi'ouj the first in showing 
a phenol (nriitent of 7S per cent., a specific gravity of t)'9811 
a refractive ijidi‘x of aird a r'otation of -tt*r>8 ; in 

suV)se(prent frat*tions the phenol con tetri, speeitic gravity, and 
refractive index show gi*aduall\’ increasing values up to the 
eighth lionr. hut in the last sample the phenol corrterrl^ fell 
slightly below the high \'alne i-ecorded in tin* (‘ase of No. 7, 
in which it was found that phenol formed IMf per cent, of the 
total distillate. 

In cojrnexion with the roiatioir, it is worthy of i^emark that 
it increases in value up to the fifth sairrple, after which it shows 
gradual dimimition. 

Ap])arently the bulk of the non-])heuolic constituents of 
Bay oil come over during the first hour. As already stated, these 
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consist principally of the hydro-carbon Myrcene, together with 
Phellandrene. The principal phenol contained in Bay oil is 
Engenol ; other phenolic constituents are Chavicol, together with 
Methyl-Eiigciiol and Methyl-Chavicol. 

A point of considerable practical importance, to which an 
answer is supplied in these results, is the effect on the character 
of the oil of prolonging the distillation for nine hours. Former¬ 
ly it was customary in the experiments conducted at Montserrat 
to stop the distillation at the end of the sixth hour, l)ut iu view 
of the fact that the value of Bay oil depends largely on its phenol 
content, it is important to ascertain what the effect on the 
phenol content is of the small amount of oil distilling over in th(‘ 
last three hours not included hitherto. 

By calculation it has been found that when the first to the 
sixth of the above fractions are mixed, the resulting mixture 
should liave a plieiiol content of 51 pei* cent. ; while if the seventh 
and eiglit fractions arc included, the mixture should show a 
])heuol content of 58 per cent. 

To cheek this, mixtures of the different fractions were made 
in the proportions indicated, when it was found that a mixture 
of fractions I to 8 showed a pin iiol content of 00 per cent.—a 
i-esult ill suflicieiitly close agreement with tlie theoretical value, 
when allowance is made for the approximate eharacter* of the 
various measurements. Carefully conducted observations further 
showed that no appreciable alteration in the total volume of the 
oil occurred when the various fractions were mixed. 

Ill relation to the distillation of Bay leav es, a iiumher of other 
points of some importance liav'e also received a certain amount 
of atteatuin. Among tliese may he cited the utilization of sea¬ 
water in the still during the process of distillation, lu St. 
Thomas and 8t. Ian, on tlie antliority of Mr. Fislilock, it is 
(HistomaiT to ns(‘ oitlior sea-water, or else water to which com¬ 
mon salt lias been added, in the distillation of Bay leaves, the 
belief existing that the addition of salt to the water exjiedites 
ihe distillation, and also results in a larger yield. 

To test this jjoiuttwo distillations were made during the 
year IIU I, in which sea-water was used in the still in place of 
Fresh water. 

Of these, the lirst was allow'^ed t-o run For the customary 
time of six hours, while t-hc second was distilled for two hours 
longer. Tli(‘ yield of oil in the lirst experiment amounted to 
17*8 oz. of oil pel* of green leaves distilled, and in the 

second experiment tf) 111*5 oz. of oil per IttOlb. of green 
leaves distilled. Comparable clistillatioiis at the same period 
of the year, in whicli fresli water was employed in the still, show¬ 
ed yields of 2t)'7. llhS, 20*h and 19*8 oz. of oil per 100ft. of 
green leavi\s distilled. In consequence, there does not appear any 
reason to believe that the employment of sea-water for the 
purpose of generating steam under the conditions of these experi¬ 
ments is attended with any increase of yield. 

It should however he sta.t.e<l that th(' custom in 8t. Thomas 
is apparently to boil the leaves in the sea-wator used for the 
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distillation; in our experiments the leaves are confined over 
the watei* and not actually steeped in it. It is possible that 
when the leaves are boiled in the sea-water the slightly higher 
temperature may expedite tlie liberation of the oil. while the 
action may also further be assisted to some extent as the out¬ 
come of th»^ presence of the salt. On the other hand, as the 
whole of the coiistituents of Bay oil are volatile with steam, it 
would not seem tliat the employment of salt, is likely to result 
in the liberation of more I5ay oil, although the opc]*atioti of 
distilling may possibly lx* slightly expedited. This view is borne 
out by a com})arison of the results obtained in these (‘xpmimeiits 
with those stated to be got ])y the 8t. Thomas distillers. On 
tlie other hand, the ejnploymeiil of the salt, water would certainly 
seem likely to sliorten tlie life of the still on ac^comit of the greatly 
increased likelihood of corrosion. It is intended to investigate this 
(piestion furtlier, so that, if possible, more definite information 
may be supjilied concerning this point. 

Further points in relation to distillations which have 
received a certain amount of invest igatioji are (a) the efieiT of 
lightly pa(tking the lt‘aves in the still before distilIfition, and 
(b) the efleet of keeping the leaves foi* some days lief ore distillaticm. 
Neither of these (experiments lias liowev(‘i' yielded any vei’v 
definite results. 

The question occurred dui’ing the (eoiu’si* of these investiga¬ 
tions as to whether samptes of Bay oil exlubit(‘d any signs of 
‘leterioration as the result of long kt^epiug. In order to obtain 
information on this point, three sampk^s of Hay oil, which were 
originally distilled in the years 11112 and 1111*), and examim^d in 
th(^ fii*st ])lace in lllb‘) and llH l. were iv-examiiuxl in May 11115. 
The results are as folkjws:— 



The results show that aft(‘r keeping foi upwards of two 
years the phenol content of Bay oil remains unchang(Hi, but that, 
the specific gravity tends to rise (amsiderably. "nKue is little 
reason to doubt that this latter efiect is due to the polymerization 
of the hydro-cai’bon Mynjeiie which, as previously stated, is very 
liable to undergo alteration of this desc.Tijjtion on keeping. 


The polj^merization products of Myi cene are waxy solids, or 
heavy oily liquids, and it is not uncommon to see on the sides of 
vessels containing samples of Bay oil of some age that a deposit 


Phenol et >11 tent. 
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of a wax 3 ’‘l()okin|^ «nl)staiu*p lias taken place. It is stated that 
the reaction piY>(>eeds nincli more rapuil.v in the presenee of a free 
iBiipph' of air, and on t hiKacc*onnt it would appear important that 
vessels used to contain Ba\' oil should he kept tightl^^ closed. 

Some mention re<juiros to he nuule of the action which 
experience, in the cfmrse of these experiments, has shown takes 
f)lace between Ba\' oils and certain metals, 

A note in this (connexion was published bv one of ns in the 
Atjrif'u/tura/ IVetr^t Vol. Xll, p 278, the main points of which 
are reprodm^ed Ixdow. 

During tin* earliej* part of the experiments in Montserrat the 
circumstance reported tha.t tlic distillation of Ba\’ oil was 
accf)itipanicd lh«‘ production of small and varying amounts 
a block, g"casv suhstaiicc, wliich appeartxl in I lie receiver 
togetlier with Hay oil .ami water. It was at lirst thought that 
this might be dm* t<> aceidental eontamin.atioii with heavy 
mineral oil residues, and. witli this idea, spccaal precautions were 
taken to guard ,against its ocaairrenee but, in sjiite of this, small 
amounts of this malm’ial continued t<i a(*compaiiy distillations. 

It 1 lierefore ,a.p[H*.ai’e»j iie(*<‘ssa]‘\' lo seek foi* some other 
HXpl.anation of ihe etled observed, 

Tht* worm luh (•ondensei* us«*d in tin* e\perim(*nls liad been 
eonslrm*a(‘d locally, .and w.as lilted with .a coil ma<lc(»f .4-inch lead 
pipe. It seemed possihli* that tht^ ])roduction of 1 he black grease 
might be i^xplained by the iuti‘r.‘ietion of Bmn" (m1 .and the l<\ad of 
1 he <*ondeiis(*i‘ coil. 

d'o t(‘si this hypolhesis, samples o(‘ the substance were 
examined in tlic tb>\ taauiient Laboivitoia lor the Lecw .ai’d 
Islands, and found to contain consirierahle amounts of l<‘ad. 

'I'o obtain fui-t her informal ioii <m the subject, .‘i mi\tiu*eo| 
Ba\' oil ;iud water was boiled with small pieces of le.ad tor some 
lionrs ill a llask litt-ed w'ith a. rellnx confleiiser. At the end of 
th.at tiim* it wais loumi tliat the Bav oil itself had d.arkened 
i'oiisiderably in colour, w hile the pieces of lead liad be(*ome c*oated 
with a him of bl/i(‘k grease similar in .appearance to that jilre.adN 
eiicouilt ei'cd. 

Ln or<l(M- to .ascertain wdielher similar at'tion was to he 
.anticapat(Hi with other metals, experiments were also (tondm?ted 
in vvln(*h sti*ips of co[)per, tin, ajul zinc w^ere used, res])t^ctiyely. 
ami as ji I’esult it wais round that a lik(‘. reac^tion o(*curred in the 
cfase of zinc, hut th.it c*opper and tin did not give an effect of this 
•descripl ion 

The results observed are no doubt due to foiauation of 
metallic compounds of the nature of I’lieiiates w itli the Eugenol 
and other phenols present, tlie li^airoxides of lead and zinc, 
formed by the action of steam and air, (tomhining with the 
Kugenol of the Ba^^ oil to foi*m the compoimds in (piestion. 

The practical importance ot these observations lies in the 
fact tliat the employment of lead, zi nc, or galvanised iron forthe 
making of stills or connexions is to be avoided, since they are apt 
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to lead to loss of oil and looontaiin’naf ion, while they do not. last 
toi- any length of time. 

In the (jonstrnetion of stills the hest metal foi* tlie purpose 
is (topper ; hut, as t his is expensive, it would seem that steel or iron 
plates that, have not heen galvanised can he used fairly satisfac¬ 
torily. Connexions should he of iron oi* copper, while the 
eondeiising worm should he made of coppei* or block tin. 

The still used in tlie foregoing es|^rimeuts has heeii of the 
simplest desci-iptioii. aud is of the t^^pe indicated in Diagram 1 
accjompanying the papei* on Essential Oils by Dr. Watts and 
one of the writers, already refei*i*ed to. It consists essentially of 
a lai*ge (jylindri(?al ii*oi» drum, about 4^, feet high by ‘J feet 
6 inches diameter, having fixed within it a perforated grating 
about 10 inches from the bottom ; an iron lid fits upon a flange, 
and it is so arranged that it. can be made steam-tight by packing. 
The drum is mounted over a small furnace or liropla.ee, aud 
a connexion from the top of the drum is piovided for carrying 
the steam and products of distillation to the condenser, which is 
a simple worm-tube tln*ough wliicb a cmri’ent of cold water (ntu 
(urculate. 

Water is placed in the bottom of the drum below the grating, 
the Bay leaves are placed above the grating, the lid is tight.ly 
closed, and distillation condm^ted by placing fire beneath the drum. 

The oil is collected in ihe usual Florentine flask form of 
receiver, and a side tube connexion allows of tlie ('Oiidensed 
water })eing returned directly to the still. 

Over a jx^riod of seven years this foriii of st ill has beeji found 
to work excellently for experimental jmrposes. TJie diftit*ulty of 
discharging (^an be got over by placing tlie heaves to lx? distilhxl 
in baskets made of mesh wire stretched on light iron frames, 
which fit inside the still, and i;an be readily lifted out b\' a blook 
and ta(.*kle. 

Tn relation to the preparation and packing of the oil for 
shipment, the following hints may be of value. 

It is important that the (pialily of the oil should 1 !is 
uniform as possible, and that each individual shipment should 
(correspond to the on6 previous. 

This remark applies to colour as well as to odour and 
chemical compovsitioii. Such a result can only he secunxl bv the 
employment of the utmost care in the supervision of tht‘ distilla¬ 
tion, by regular analysis, and by systematic lilending. 

Tn shipping oil a definite shipping mark should be adopted 
and uniformly used ; by this means the oil will become known to 
buyers, and if a standard of good quality is maintained in 
production, the readiness of sales will be greatly enhanced. 

The oil should he carefully packed, and, whatevei* form of 
container is adopted, a uniform style and size of package should 
be maintained throughout. 

In some respects glass bottles are the best form of containers, 
since they are readily cleaned and at the same time are free from 
risk of contamination of the oil as the result of reaction between 
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the phenolic constituents and the material of whi(?h tlie container 
is constructed. Bottles however possess the disadvantage that, 
unless great care is exercised in packing, they are liable to 
breakage in transit, and consequent loss of oil ensues. Stoneware 
jars would be excellent, since they are much less liable to bi’c^akage 
than glass, altliougli tliev are somewhat heavy, and on this 
account tend to increase the freight sliglitly. Jars or bottles 
should be tightly closed with new corks, and sealed. 

Ill relation to inotal containers the samt^ remarks apply, 
though in a somewhat lesser degree, as in the case of materials 
used for the construction of stills, it being necessary to avoid the 
use of all metals wliieli are likely to result in tlie contamin¬ 
ation of the oil as the result of interaction with the phenolic 
constituents. 

By far the best metal to use is copper, but its high price 
militates against its einploymtait. Containers of tinned iron, or 
as tl ley are commonly termed * tins’, are satisfactory, jirtivided 
they are sound and fri^e from laist. Bust reacts with Bay oil 
and leads to discoloration owing t,o the formation of dark- 
coloured compounds of iron with the plienols of tlie oil. Tins 
shoulf] be pro\’ided with a small opening, and soldered down 
after they have been tilled. 

Calvaiiisi^d iron is open to objection since, as already shown, 
the ziiu‘ whicli (.!onstitutes the * galvanising ’ coating is liable 
to react with tlie plienolic. constituents ol the oil. 

In packing the oil in the containing vessels care should be 
exorcised lo see tJiat each vessel contains the same amount of 
oil on all occasions, and tlie (piaiitity of oil fjontained in each 
package should lie stated on the label. Attention ti> these 
matters is likely to save time and expejise at the point of delivery, 
and at the same lime to lead to more ready sales and bottcu' 
prici's. 

In the foregoing pages the attempt has been made to 
sumiiiari/e the information which has been accumulated in 
relation to tlie Bay oil industry, and the methods to be employed 
in the cultivation of the Bay tree and the production of Bay oil. 
(liven careful handling, there would appear to be a distijict 
opening for expansion, but for this to take place the steady 
[iroduction of a reliable quality of oil must be insured, Tim 
results brought forward show (juite clearly that the successful 
production of a reliable^ grade of oil is an operation w hich reipiires 
a good deal of eare. and that to ensure a uniform product, blend 
ing under supervision (*.ontrolled by jiroper tests is requisite. 

There does not/ appear to lie any reason to doubt tliat by 
far the best means of securing this would be for the distillations 
to be performed at one t*-entral distillery wdiich is under eompeteut 
control, rather than for them to be carried out at ditfereiit uoiiits 
by a number of small growers. 

A centi^al distillery ciapable of handling considerable 
quantities of loaves fionld probably be erected and equipped for 
a comparatively small amount, and as a means cf fostering the 
development of the industry, its establishment is to be distinetlv 
advocated. 
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THE DEVELOPMENT OP DOMINICA. 

BY FRANC IS WA'rJS. C.M.CJ , 1)R<F.I.C:,, F.C! S., 

Imperial (Joiiiinissionor of AgrieiilLure for the W^est Indies. 

The steady and important ])ro^res.s manifested in the 
a^ri(ailtnral deVelopnuait ot Dominiua is of considerable interest, 
and is deserving of study in detail as afloiNling useful l(^ssons, and 
as also aflording means for drawing inferences as to possible 
future developments and 1 he steps that may reasonably be follow¬ 
ed in order to maint ain the welfare of the Presidency. 

Table 11 givc‘S the values of the principal exports and 
also the total value of exports for the ])ast twenty-three 
Vears ; during this period ttie, value of th(^ exports has risen from 
'£4t),t)38 in 1892 to €210.987 in 1911. No other West Indian 
(community sliows such marked development. 

The prin(*ipal feature^ of the table is the prominent place 
occupied b}^ lime ])roducts. particularly in later years : 
from this thV d(^[)en(h*nce c)f Dominica on the lime industry is 
evident at a ghinee A not hei* point «)f interest and of (tonsider- 
;d)le economic importance is the div(‘rsitied nature <»f thest^ 
products, and the rise and developfucnt <)f some ol them. 

It, will be well liist to givt' attention to the expansion of the 
lime indnst 1 as a \n li >1'*. 1 ^'or t his purpos(‘ the valu(M)f t h(‘ exports 
does not I'onvey tin* recjuii-efl information in tln^ l>est- manner. In 
order to trace t]i(‘ de\<4npmcn1 it is b(*tter to have regard to 
actual (piantit ios ])rodn<-e(h but lien again their diversity presents 
some ditricnlta . The (|na,ntit i<*s of th(‘ various lime products 
rxport(.*d ar(" shown in Table* I. 

It is thonglit that, a cl(‘art‘r picture will be obtained by con- 
verLing the* vaiious ])r(*dn<d.s into some common tei*m, and, seeing 
tliat concentrated juice has hitherto been the priiuapal artiide of 
produetKm, for comparative piu'poscs an attempt has been made 
to stat e the other ju*oducts in t(‘rms of this. For this purpost* it 
has b(*en assumcfl i hat t) gallons of j-aw juice an* apj)i*oximat(** 
ly e<|uivalent, to 1 gallon of (*on(a‘nt rated, that I cavt. i f citrate of 
linui is (equivalent to lt> gallons, and that 1 barn*! of green liimes 
is equivalent to I gallon ; in this last casi^ r(*gard is had to tin* 
fact that g»(*t*n lim(*s left to ri[#(n would grow to some aj)pi*eci- 
abh* extent . The figures so <»bta.ined an* presc‘nt(*d in Table Ill. 
Kss(*ntial Oils are not ini'hided in t lus cannputalion. 
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Table I. 

QUANTITIES OP LIMB PKODirCTS EXPORTEIl. 


Year. 

Concen¬ 
trated juice, 
gallons. 

Raw juice, 
gallons. 

Citrate 
of lime, 
cwts. 

Barrels 

green 

limes. 

j Essential 
oils, 
gallons. 

1892 

33,148 

55,596 

• * 

428 

1,127 

1893 

G2.21t) 

31,456 

... 

340 

1,348 

1894 

45,874 

70.902 


232 

1.489 

1895 

48,654 

74,902 


1,920 

1.581 

1898 

50,367 

107,344 


4.036 

1,912 

1897 

50,030 

130,470 


2,717 

2,884 

1898 

75,725 

124,470 


4,575 

3,580 

1899 

67.652 

202.613 


7,n8:j 

3,*)S7 

1900 

i o,8d 1 

414,477 


7,850* 

i.44(; 

1901 

88.844 

206,563 

... 

8,585 

1 3,907 

1902 

138,516 

i 

263,915 

1 


7,988 

! 5,709 

i 

1903 ' 

88,704 

129,316 


7,539 

■ 3,050 

1904 i 

83,727 

234,972 


i 1,182 

2,801 

1905 

124,825 I 

161,475 


! 13.564 

1 

1,163 

1908 

128.171 1 

174,532 

733 

1 15.799 

; 4,706 

1907 ; 

128,838 

231,238 

2,388 

j 18,311 

1,675 

1908 i 

122,058 1 

247.100 

2,512 

1 20,343 

1,860 

1909 

123,226 ' 

223,972 

3,447 

22,523 

; 5,403 

1910 

162,878 : 

203,792 . 

1 

5,194 

j 27,427 

6.780 

1911 

131,506 1 

.311,377 

5,926 

j 36,52( t 

6,361 

1912 

141,318 ' 

508,766 ' 

3,910 j 

37,038 

5,207 

1913 j 

158.974 

336,728 1 

4,753 

43,832 

i 6,875 

1914 1 

148,179 , 

379,875 j 

5,191 

45.283 

1 5.603 
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Tabi:.b H. 

VALUES OF BXFOBTS OF LIME PBODUCTS. 


Y ear. 

1 

Coneeii- 
tratcd 1 
jiiic;e. ! 

1 

Raw 

juice. 

! 

Citrate.! 

1 

1 

Green \ Essen- 
limes, i tial oils. 

Total Value 
of lime 
products. 


Value. , 

Value. 

i 

V alue. ‘ 

Value. ' 

Value. 



£ 

X 

^ 1 

i 

^ i 

£ 

£ 

1892 

9,116 

2,085 

j 

75 ; 

87 

11,363 

189:) 

13,221 i 

1,180 

1 

50 j 

1,877 

16,337 

1894 

8,601 ! 

2,363 

i 

41 1 

j 

1,051 

12.056 

1895 

9,123 ! 

2,497 

: 

336 1 

1,762 

13,718 

189f; 

10,703 i 

3,578 

1 

706 

3,364 

18,351 

1897 

8,630 

4,349 

1 

476 

4,713 

1 

18,168 

1898 

1 5,145 

4,149 

! 

* * * i 

794 1 

I 

1,432 

25,520 

1899 

17,759 

6,754 


2,794 

4,492 

31,799 

1900 

13,015 

15,543 


2,748 

4,104 

35,410 

1901 

21,053 

7,746 


3,005 

2,866 

34,670 

1902 

29,016 

9,897 

! 

2,796 

3,207 

44,916 

1903 

14,175 

4,819 


2,639 

1,493 

1 23,156 

1904 

17,792 

6,853 

... 

2,857 

860 

28,362 

1905 

26.483 

1 

5,483 

i 

... j 

4,747 

1,917 

38,660 

1906 

37,941 

6,545 

1.503 

j 

5,530 

3,016 

54,535 

1907 

49,150 

8,784 

7,761 1 

6,409 

i 

4,133 

76,237 

1908 

22,885 

7,207 

8,164 

9,009 

4,659 

51,924 

1109 

21,565 

7,232 

11,203 

9,009 

5,239 

54,248 

1910 

28,501 

6,581 

16,880 

11,656 

5,875 

69,496 

1911 

23,014 

10,379 

19,259 

14,608 

5,401 

72,661 

1912 

38,862 

25,438 

11,991 

14,815 

4,834 

95,940 

1913 

60,842 

15,083 

17,026 

39,298 

9,833 

142,082 

1914 

68,754 

25,753 

38,013 

43,237 

10,138 

185,895 
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Tabli! H.—iCcttcluded.) 
EXPORTS OF CACAO. 



Cacao exported. 

Total Exports. 

Year. 


Value. 

Value. 


Cwts. 

£ 

£ 

1892 

4,397 

9,748 

43,638 

1893 

6,485 

15,095 

53,782 

1894 

6,185 

9,381 

42,662 

1895 

6,081 

9,224 

39,471 

1896 

8,870 

13,453 

51,438 

1897 

5,502 

9,309 

47,416 

1898 

10,218 

26,822 

63.912 

1899 

7,980 

20,949 

65,766 

1990 

9,467 

24,852 

68.452 

1901 

8,989 

23,597 

66,892 

1902 

12,216 

29,219 

80,794 

190.3 

9,977 ; 

21,472 

69,384 

1901 

9,880 

21,324 

63,016 

190.') 

11,939 

25,554 

78,035 

1906 

11,380 j 

35,185 

106,246 

1907 

11,628 ; 

35,959 

121,294 

1908 

9,820 ! 

29,486 

112,013 

1909 

10,814 ! 

23,051 

102,339 

1010 

11,272 ' 

24,418 1 

112,111 

1911 

10,0.55 

1 21,702 

121,678 

1912 

11,877 

1 26,327 

152,458 

1913 

9,560 

24,739 

1 

190,701 

1914 

i 8,874' 

! 20,024 

] 210,087 
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Table III. 


IAMB PRODUCTS, IN TERMS OB GALLONS OF 
CONCENTRATED JUICF.. 


Year. 

1 

Concen¬ 
trated ! 
juice, 
grxllons. 

! 

llaw juice 'Citrate cwts. 
divided by 9 imultiplied by 
to bring it to ,10 to bring it 
concentrated !to concentra- 
gallons. ! tod gallons 

Barrels 

green 

limes, 

1 brl - 1 
gal. con¬ 
centrated, 
gallons. 

Total in 
terms of 
oonoen- 
trated 
juice ex¬ 
ported, 
gallons. 


:i:i,i48 

0,177 

... 

428 

39,753 

181):] 

02,210 

3,495 


340 

66,051 

1891 

15,874 

7,878 


232 

53,981 

1895 

48,054 

8,322 


1,920 

58,896 

1890 

50,:]07 

11,927 


4,o:36 

66,:j3() 

1897 

50,030 

11,497 


2,717 

67 214 

1898 

75,725 

13,8:i0 


4,575 

91,1:30 

1899 

07,052 

22,513 


7,083 

97,218 

1900 

75.851 

46,053 

... 

7,850 

129,757 

1901 

88,011 

22,952 


8,585 

120,181 

1902 

, i:i6,540 i 

29,321 


7,988 

173.858 

1903 

06,701 

14,308 


7 , 5:39 

88,611 

1901 

83,727 

20,108 


1,162 

110,997 

1905 

121,025 

18,275 

( 

13 5r,4 

156 461 

1900 

120,171 

! 19,392 ! 

7,:j:jo 

15,799 

168,992 

1907 

120,8:]8 

25,69:] 

j ’ 

' 23,880 

1 

18,311 

1 191,722 

1908 

122,050 

1 

! 27,455 

25,120 

20,:]43 1 

191,971 

i 

1909 

123,220 

24,886 ^ 

34,470 

22,523 

205,105 

1910 

162,878 

22,644 

51,940 

27,427 

264,889 

1911 

: 131,506 

34,597 

59,260 

36,520 

261,883 

1912 

111,318 

56,530 

39,100 

:37,038 

' 273,986 

J9i:i 

158,974 

37,414 i 

1 47,530 

43,832 

1 287,750 

1911 

; 148,179 

j 

42,208 1 

j 

1 51,910 

45,283 

1 287,580 





Tlie following approxinnilions a!‘(‘ useful in ealculaUoJis (jf 
tlie kind luider consideration : — 

I Hant'l IviiiJus \ ield.s r-av' juice. 

77) ,, ,, ,, 7)0 ,, ('ujK'cnl iMh.’d jincc. 

.‘Jdn ,, ,, ,, 1 Toiif'iliah' ot' lime. 

1.7 ^a'lons I’aw jiiiro lu -lU <>1 iM>r<li;d. 

'rhe total out})ul of lime ]>i'(>flu'ds viewed ijith^s way rep¬ 
resents with a reasojiahly degree of a(‘eura(‘\ lli(‘ dcn elopintmi 
and progress of the linit‘ indu.stiT. Tlu' facts av)' Ix'tler a])pi*eciated 
if they are displaj^ed in (iiagiaiMUiat.i<* lorm. 'This i.s accordingly 
done in the annexed curse. 


DIAGR AM SH0\VI\(i ANM7AL KXI’OUT- Ol' LLMK I’RurUU a 
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meni in the industry begins quite early in the years under 
uonsideration, and progresses rapidly up to the year 1902. During 
this period the genei’al tendency of the curve representing the 
industr}" is already determined : what follows in later years is a 
continuation of a purpose already determined upon in this early 
period. Seeing that several years elapse between the time of 
planting lime trees and the time when results app^r in the form 
of exports, it is to be coucluded that the purpose was determined 
at some period anterior to the increase in exports. As some six 
years are required for the moderate development of an average 
lime tree, it may be assumed that Dominica determined upon its 
policy as a limt>-growing community somewhere about the year 
1880, and that it has consistently followed it with the results 
indicated in the diagiam. 

The next point that strikes one is that there is a sudden break 
in the cturve after the year 1902, so tliat the output f)f the year 
1903 is only just about one-half of that of the former year. This 
is explained by i he drought that occuri'ed at this time, which was 
followed by an alanning outbreak of insect pests, iullicting mu h 
damage upon the tree=j. The extent of the injuries suffered from 
tliese causes is w(ill brought out in the diagram. Although the 
industry showed immediate signs of recovery, it is plainly s('en 
that it only took on a little more than its normal rate of develop¬ 
ment, so that the effetd- of this disastrous period is felt for some 
t.en years or more, it may be saifl that this trying period cost 
Dominicia a})out live years of it.s progress. 

Piogress was however resumed, and coutiiiued at about tli<^ 
normnl i*apid rate until the yeai- 1910, ;it’tor wliieli. for the last 
tour years, the rate of increase was visibly slackened, tlimigh 
progress has still been maintained at a very high level. Possibly 
the rate of j)j*()gress may ])e <loteriiiinef] in these years hy tlu‘ 
increasing (Uflienlly experien(‘e<l with r(\gai‘(l to lahoui’ siqiply, 
coupled with some increased expense in obtaining access to new 
lands. Jt is only to be expecte<l tliat a community de^^'loping 
its lime industry some s(‘venfold will fully employ all its avail¬ 
able labour, and will wish, and lind it necessary, to attract workei s 
from outside. 

A ])Ouit worth remembering is that as a eonse(picnc^.e of the 
disastrous lun ricaiie which struck Montserrat in August 1899. 
tljcrc was a marked influx of la])ourers from ^roiitserrat to 
Dominica at tlie close of that year : these lahourors and their 
families were familiar with the W(»ik of the lime industry and 
formed a valuable asset to the community whi(*h gave, tliem 
shelter : there is no dou])t that in this way the lime industry 
secured a useful impetus, which is reflected in the increased 
output. 

Even if allowauf'C is mada for some retarding of fresh plant¬ 
ing and expansion of lime estates owing i.o the difficulties alluded 
to, it is to he expected that the output of lime products will 
continue to show considerable expansion for several years to com(\ 
for there are large areas of recently planted trees which are 
steadily coming into hearing. Given a continuation of remuner¬ 
ative prices for lime products, the prosperity of Dominica may 
be expected to increase still further. 
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After lime products, cacao occupies the place next in impor¬ 
tance in tlie agriculture of Dominica. The (juantities and values 
of the export of this commodity during the period under consid¬ 
eration ar^ given in the annexed Table. It is to he noted that 
the earlier years show steady growth of output. In those earlier 
years it seemed to })e an open question whether limes or cacao 
would he the predominant cultivation of the island, hut in 1897 
the value of the export of lime products began steadily to exceed 
those of cacao, and this ascendency has been well maintained up 
to the present, except for the set-baiik sustained by the lime 
industry in 1892, to which attention has already been drawn. 

The production of cac^ao steadily advanc63d up to about 1898, 
after which period progress has been slow, whereas progress in 
connexion with limes has from that time been correspondingl}^ 
rapid. To-day Dominica stands essentially as a lime-producing 
country ; but. it Ins a second industry of no small importance in 
its cacao, and it will i)e well if tliis hitter is given all reasonable 
attention, so as by this jneans U> assist in securing that diver* 
sitkiation of industries which is desirable to secure economic 
stability. 

In (*( nsidei’ing the progress of these two principal industries, 
it is wortli noting that Die Botanic Gardens were established in 
1891. The Avork tliere carried on at once served to stimulate the 
developim'ul of tlie industries referred to, largely liy providing 
the recjiiircd plants for setting out in tlu' newly opened (*ultiva 
tioii, and also by providing information for the guidance of 
planters. There is no doubt that the development of tlie industries 
of the island has Ix^en es[)ecialjy helped by tlie activities of tliat 
institution, the ostablisiiment of which at. the moment wlicai 
a tendmicA' towards agricultural progress was awakening in the 
coinmnnity was most o])poi'tnue. This movement was. no donht, 
ill a large measnn^ one of the manifestations of this awakening 
activity. 

The value of lime jiroducts and cacao constitutes about three- 
fonrtlis of th(‘ tot.al \’alne of the total exports from the Ih'osidency, 
and, as lias ali*(‘ady lieen stated, the value of the export of cacao 
is relatively small eompared with that of limes : anything, 
tliercfore, temding to (Icversify the iiidnstri(\s of the island is 
eeoiiomieally desirahh*. In this eoniiexion attention is now 
being given to eoco-nnts. for the enltivation of which there 
are considerable* areas of suitable land ; mncli of this land is 
probahly better adapted to coeo-nut cultivation than to that 
of limes, and tlicre is good reason to siqijiose that tlie Presidency 
will heiiefit in many ways by lliis extension of another industry. 
DorninicM already produces, on a small seale, coco-nuts of 
excHq)tionally good (piality, and tlie country appears to be free 
from troublesome eoco-nut pests and diseases. 

Another industry engaging attention, and one which may 
assiniK' useful dimensions, is the production of vanilla. This is 
receiving attention in com[)ete.nt hands, and useful develop¬ 
ments may he looked foi‘. 

Although Dominica is now' largely depeudoiit upon one 
industry, the cultivation of limes, and although it is desirable 
to diversify agricultural industries so as to avoid disaster from 
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any .sudden dowiiward tendency in prices of the product of one 
comniodity, still the economic position of the island is perha|)8 
sti'ongei- tlian might appear at Hrst sight. 

While the islanrl is largely dependent on the production of 
one commodity, tlie linu', the uses of this fruit are so various 
as in them.sclv(‘s to constitute a considerable and valuable diva^r- 
sitication of industry, and tliiis make b»r stability! A considerable 
portion of the fruit, is used for the production of lime juice to 
be consumed as a beverage in various fonn-s : this is tl:e jiortion 
.shipped as raw juice. 7\nother, and by far the largest part, 
is exported as (‘oncent rated jnief* and as citrati? of lime. The 
citrate and fi large pai't of the cjoncentrated jui(;e are used for 
the manufacture of cit riir acid, and this in it.self hnds a great 
variet}^ of uses, ))eing employed in calico printing, for the pro¬ 
duction of beverages and IVkhIs, and for a variety of purposes 
in the arts and in medicine. Some of the coiici^ntrated juice 
is directly em])loycd in calico printing, and good (jualities of 
this are in considerable demand for tliis purpose. 

An increasing trade rs springing up in the fruits thom.selv'es, 
wliieli are being u‘<ed in quantity in Anunica : theie seems to 
be good rea.son for supposing that thistradt^ is c*a[)able f)f vast 
extension, and that the pres(mt developments nre only th(' 
heginnings of iniKdi greater things : it is eoii(;ei\'al>Je that the 
trade in lime fruit may become tli(' principal feature of the 
industry, and the produc,tion of tla^ other jiroduets f)nly 
a seeoridary consideral ion This view is su])ported by the 
returns of the vahu* of lime fruit exported, given in Table 1. 
The increase in value has been very reiuai ka]>le, aii<I it is l•eason 
able to think that we have here the beginning (►f a, ti-:ub o 
gi'oat importance. 

A furthei* diversilieation (»f the industry is setui in the pj'(>^ 
diu^tion of e.s.ssential oil from tie* rind of the fruit, and this jihase 
is it.self divei-.sififal, for the oil is pre])ar<Ml in two forms, n.aniely, 
hand-pr(‘ssed oil fj‘om the fiaiit, and distilled oil re(Mivert?d in the 
process of pivparing eoncenti-ated jnieo. 

With this great diversilieation of interests connected with 
the lime it is unlikely that all the a.s.soeiated industries will 
suffer great depression at the same nioinent, so it- may rea.sonably 
be expected that there wdll continue, for sojn<‘ years at any rate, 
a good demand for lime products at remunerative prices. The 
only grave daJiger ])(Tljaps, is that of over-production ; and this 
can hardly arise suddenly, seeing that it takes .several years for 
the trees to reach the hearing stage. Lime growers are thus in 
a position to gauge the progress of events, and to form .some idea 
of the competition tiny are likely to have to meet. 

It is well t-o rtuneinber that in a considerable measure lime 
products have been employed in substitution for those of the 
lemon. The greater j)art of the material used in the arts, for the 
production of citric acid, for calico printing and for medicinal 
purposes hns hitherto been derived from lemon juice, and even 
now it is the lemon that dominates in this respect, and the 
extent of the lemon crop which largely determines prices. Lime 
prodiu*-tion may, therefore, be regarded as an infant industry 
Avith very great possibilities before it, and one which is in an 
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<^-xtjeptioiuil degree proteeled by the diversitied uses of its 
products. 

With these facts in view, it would seem that tlie economic 
position of Dominica is a sound one, and one wliich is capable of 
i)eing made even more secmre by furtlier diversilication of 
industries, for wliici) tlie island olTbrs opportunities. It may not 
be altogether easy to induce planters who liave before tliem the 
attractions and possibilities of remunerative lime cultivation to 
give mucdi attention to othei* matters, but the far-seeing ones 
will be well advised lo give lla^ught to othei* industries, and to 
expend some ol their energies in putting in other crops where 
possihhs and where tliese ai-e likely, to pay, and particularly to 
giv(* consideration to planting such crops upon tliosc* areas which 
are not- best suited to lime (uiltivatiou. provided always that they 
are really well suited to the. crop in view, lii this connexion it 
may be again staled that coco-nuts offer al traidions. 


THE HITCHIN BACON FACTORY. 

Tin* following arlicle’' is re^irodiuied in lliis J(jnrnal on acctoiiiit 
(»f the in((‘r*esl tliat has Ixsm aroused in some parts of the West 
Indies concerning Hit' possi hi lilies of a ])ork and hacon industry 
h)r llu'se islands. Tin* first c.r)inmunic5i I ion t^n ihe sulijecl was 
mafle hy Ih*. Francis Watf-s, (M\T.(h, Impeiial (Joinniissitmci’of 
Agricnltnrt', in this .loiirn il (V(»f. XIW p. 221), during March 
iblo Since then, varit.ns articles (‘onnecdt'd will) tin' subject 
hav(t a})pcarcd in the Agriritlfanil AV/r.s, tlie fortiiiglitly i*eview 
of this Dt'part ment. hut it is only initil (|nit recently that circum¬ 
stances ha\a‘ been favonra,ble ftn* making a practical start. (Jm* 
or two of tilt'rt'fi-igt'raling cstablisbments are condncling bacon 
curing cx[)(*]*iiiiciits, and, if ibcsc prove snccessl'nl, it will bo a- 
stt'p towai'ds the cstahlishiiK'nt of a factory, soiin'what on the 
same lines as that (h'serihed in tlie following article. It may he 
mentioned that Di*. Watts, in t-ht'paper reh'i'vt'd to above, hasshown 
snnicit'Ull V (dc*a.i ly t hat no dilHcnlties shonh.1 he expei*ienccd in 
the matter of producing an adt*(|natc supply of animals : and he 
has alst> shown that the e<M>nomi(* conditimis at the present time 
art' most favourable in the W('st Indies for making the ]jrodnc- 
lion of [>ork and bactin i hnaiicial success. The first ctmsideration 
will he to meet the local dcimimi. After tliat has been accom¬ 
plished, ami locally raised produce has been substituted foi* the 
largt' amount of material at present imported from the Fnited 
States and el.sew]jer('., freight, facilities may he expeeted to liave 
improved, and then it will he opportune to consider the 
estaidishment of an export trade. 


The llm HiN Bacon Factor v. 

Tlu' Hitchin Bacon Factory owes its origin to a movement 
started by a nniubei* of farmers living in tin' neighbourhood of 
Bedford [England]. These farmers considered tliat, as the dealers 

* jBv' f. W, Welsh in Journal of the JJoard of Afjriculfutry 
lor July 1915. 
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formed a kind ofVing they did’not receive the value for their pigs 
when sold in the local market that they might reasonably have ex¬ 
pected if there had been free competition. After giving the matter 
some consideration, a party of the most energetic and inhiiential 
of the farmers paid a visit to Roscrea and other large bacon¬ 
curing establishments in the South of Ireland, and also to some 
of the English factories. In due course the farmers interested 
formed a coniniittee. A promise was received that, if the farmers 
would subscribe ii5,(JOO among themselves, arrangements would 
be made to supply any further capital recjuired. The necessary 
amount was subscalbed by some 220 farmers. At this stage, 
however, the Bedford members became less enthusiastic in their 
support of tlui project, and it was decided by some of the most 
enterprising of the Hitchin members to establish the factory in 
their own district. The building was accordingly erected at 
Hitchin, and formally opened there on April 13, 1013. 

In the erection of the Hitchin factory the aim has been to 
combine simplicity of construction and ease of supervision with a 
liberal supply of light and good ventilation. Full eheci has been 
given to this aim, and it may fairly be claimed that the factory 
is the finest of its kind in the country. 

The factory is built of brick, laid thi*ougbout in cement. The 
main building has a frontage of red brick of 181 feet, a depth 
of 139 feet, and a height of 30 feet fj inches. The engine room 
and pig pens are behind and outside the main building, and the 
total length of llie building is 257 feet. 

The killing and curing oj:)erati()ns are carried OTit on tlie 
ground lloor, the (airing rooms being strongly insulated against 
outside t enip('T*atur(\ Tiie leni])eratiire of tlu^ chilling and curing 
rooms is maintained at F. and 12° F., respectively, by the 
use of a (i-ton refrigerator plant. 

In the following notes an attempt is made to give an im¬ 
pression of the routine woj*k of the factory :— 

PURCIIAsh: of pigs. A post-i^ard giving tlie price of pigs for 
the following week is posted every Satui-day to all the known 
pig kee])crs wiiliin a radius t>f 59 to 70 miles of the factory. Pig 
keepers are invited to send their pigs either by rail or by oart on 
JMondays, Tuesdays, Wednesdays or Thursdays. When pigs are 
sent by rail the fac^tory pays carriage on ten pigs or over up to 
100 miles, but if the famuli carts the pigs himself he has to 
deliver them free. 

As the shareholders have not been able to supply tlie rec^uisite 
numbers of animals, a proportion of the pigs are bought from 
pig keepers who are not shareliolders and, when nccessaiy, from 
dealers. 

All pigs bought, are paid for hy dead weight, the factory 
paying for the whole carcass with the exception of the intestines 
and pluck. 

TREATMENT IN FA( TORY. After the pigs have boon delivered 
they are put into numbered pens, and each lot is earmarked with 
a number. This number is communicated to the owner to 
enable him to distinguish his own pigs if he comes to see them 
weighed. 
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The pigs are held over for one night to allow them to rest and 
to empty their stomachs as imich as possible, and are killed the 
following morning. 

From tile commencement all pigs have been killed with the 
R.S.P.C.A. humane killei*, or captive belt pistol, which has 
proved very efficient, and although adding t-o the cost of the 
killing, it is considered a great advance on the old and less 
humane system of bleeding to death. After the pigs have been 
shot they are hoisted by a shackle att;u;hed to the liind legs, 
which is hooked to an endless chain. The pigs aiv carried along 
by the chain and deposited on a running rail, whi(;h conveys tlieui 
to the bleeding passage. They are tiiere bled, tlu* bhxid running 
into a tank, wliere it is dried eacii day and eventually used as 
manure. The carcass is then conveyed to the scalding tank 
where it is scalded at a temperature of 150 K. At this stage 
tlie liair is scraned from tlie carcass, collected and dried, and 
afterwards sold for stnfling saddlery, etc. The pig is then drawn 
on the running rail to tlie singeing furnace. Tliis consists of a 
cylinder containing n nnrahoi* of gas jets, throiigli wliich mixed 
air and gas are forced with a powerful fan, tliereby forming a 
series of strong Bunsen hurners, whicli give otl' an intense heat. 

The pig is subjected to the heat of this furnaec^ for thirty to 
forty seconds. The heat exerts a (iontractiiig inllnence on the skin, 
effacing wrinkles, and giving the carcass a plumper appearan(*e. 
It also imparts the nutty flavour peculiar to the Wiltshire style 
of curing. After leaving the fiirnace tlie pig is lowered into a 
cold bath and cooled off', and any burnt skin is removed. Tlie 
pig is then opened np and disembowelled near a table at whicli a 
number of women are ready to clean the intestines and similar 
organs. Parts of tlie intestines, when prepared, are used for 
sausage teasings, tlic stomach and other parts for chitterlings, tlie 
fat is rendered for dripping, and tlie bladder tilled with lard. 

When the dressing has been completed the carcasses are 
conveyed to tJie weighing scales. Weighing takes place at 12 
o'clock noon, and tlie owners of the pigs are invited to ho present 
and see their own pigs weighed. A heam-scale is provided for 
the weighing. This picks the (carcass off* tlie rail, weigJis it, and 
replaces it on the rail. 

All pigs are bought by the score of 11>, so t hat tlie farmers 
can (rheck the weights with greater ease. The weights used are 
50 11)., 20 11)., 10 11), 5 11>. and a number of smaller weiglit-s. After 
the pigs are (ilieeked and weighed the carcasses are split into 
halves, tlie liackhones and Hake lard are taken out, and the heads 
are cut off. The sides are tlieii put in tlie chilling room at a 
temperature of F. until the following morning, wlieii they are 
trimmed np by having tlie blade bone extracted, part of the ham 
bone taken out, and the loin steaks, skirts, and any other ragged 
pieces removed. After liaving once more been placed in the cliilJ- 
iug room for twenty-four liours, the loin steaks are sent to tlie nie 
department, and the skirts and triiumings to the sausage room 
for making savelo^^s, polonies, etc. 

After the sides have been chilled for from thirty-six to foi ty 
liours they are dry-salted. The first part of the process is to inject 



210 


a j)i(rklof>f sail and saltpetre (no oilier elieininals are used) by tlie 
aid of a pump. To ensure uniformitv in enrin^, tin* pi kle is first 
inje(‘ted inlotho tlii(ik parts, i.e., fore-end and gammon. The side's 
are then y^ilerl on top of e*aeh other, t,en sides hi^li, in the eurin^' 
room, at a temp'-ralnre of fioni 10" F. 1o IT F. As eaeh side is 
pla(?ed on the top of the one below, it is lightly dusted with line 
saltpeti’e and a- I liin layer of (airing salt. The sides are hd't ia the 
pile for nine oi'ten days, aeeordin;^ to tlieir wei^hl . At the end 
of this period they are taken from the jnle and the pickle is 
drained oft, after whi(*h they are again piled nj), this time with 
the skin uppermost, to drain, dry, and mature for another ten 
days. The sides are then ready for use as gi*een bacon, or for 
smoking. 

If smoked bacon is recynired, the sides are waslied and dusted 
over witli p(‘a flour, liung in the smoke bouses, and smoked and 
dried with hardwood sawdust for from tlirec^ to four days, 
ac(M)rding to the weather. In wet weather the drying takers 
longei*. The lu'arls are used for making Virawn. and the chaps 
:ind feet lind a leady market. 

The pie product d(*partm(*ut of a bacon factory is an impor¬ 
tant one. In the Hit (‘bill factory lu'avy fat sows and ])igs ai*e 
largely killed tor making sjinsnge*^. pi(‘s, bi-awn. gnlantines. 
prdonies. sav(‘loyH, faggot t “te. The whole eareass is ns(‘d for the 
purpose, and in this way a prolitable outlet is found for this 
(dass of pig. 

l.ard making is also a eonsub'rable indnstry. As soon as rh * 
flake is takim from the pig it is cooled oil', and then put through 
a crushing maclhne to crusli up the small globules and i*e]ease the 
licpiid fat iuore easily. The fat falls fi*om t he e.rushiug machine 
in a small jacketed ])an, where it is melted and l)oi](Ml to evaporate 
any natural moistuT'e. After this it is run into a settling pan 
wliere it is allowed to stand for ahont. six hours to allow any 
fibrous partiedes to settle to tin* hot tom of the pan. It is > hen 
pumped into an agitator—a ja(d<eted vessel with i-(nx)lving 
paddles —where it is ()eaten up to gel texture. It is then drawn 
off while in a semi-li(|uid state into the dillerent tyy)es of pack¬ 
ages in whi(di it is to b(‘ stor(‘d, (*.g., bladd(*is, pa-r(‘liment l)ags. 
tins, et(^ 

TY1>E OF PIG REcgURKO. One of tluOirst dillieullies en¬ 
countered in establishing new batxm factoiies is to obtain 
locally, pigs wbifdi produtM' bacon suited to tin* public taste. 
The pig recjuired for a Wiltsbin* side should have a small 
shonkier (as tdiis is the coarsest part, and in ndailing I’ealizes tlie 
least money), a good decj) middle, with a good loin and a- good 
ham, and not too great a thickness of fat on the back. Top 
prices are usually paid for pigs weighing fiom 120 to 1!)0 Ih dead 
weight. 

The Large Wnite most nearly fulfils tliesc*^ recjiiirements, 
although some strains of this breed have* to be fed over the 
weiglit (pioted to get them pro]:)erly hnislied. Some strains of 
Middle Wliile also make very useful pigs, l)nt one of the best 
bacon pigs is obtained by crossing a large black sow with a 
large white boar, although almost any good sow will produce 
a good bacon pig when put to a pure-bred large white boar. 
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srf>i>0KT OF FARMRRS. Unfortunately the siiec^efl^ of tlie 
factory as a co-operative institution has been somewhat impaired 
hy the failure of the inornbers to support it loyally. Tlie farmers 
show a marked disiiu'lination to bind themselves to send all their 
pigs to the factory, and still often sell to lo(5al dealers wlienevoa* 
the price offen'd is higher than that offered hy the factory. Thev 
fail to realize that their loyal support would increase the divi¬ 
dends, and apparently forget that (hey hav(‘ invested their (capi¬ 
tal in the factoiy. It should he pointed out, inoi-eover, that the 
competition of tlu' fac-toiy has been insti'umental in raisimr the 
local pri(jes Irom 5 to 7J> per cent., and t hat wei*e tlris competi¬ 
tion withdrawn, owing to tlie failure of the factory, the prices 
obtained might lie considerably less than they now are. 

Some difibuilty has also been experienced in the endeavour 
to indiiee the members tc st udy the reipiirements of the factory 
in breeding the right type of pig, and in b‘ediijg to |)rodu:je the 
best bacon. 

RESULTS OHTAINKI) UV ^IHE FACTORY. TIi(‘ factory com¬ 
menced woi'king at a i-athei* unfortunate time. The price Of pigs 
was at first abiinriiially high, and with a run of falling mai*kots 
a (.‘onsideralile sum of ni(»Ji(‘y was lost during the fii-st ten 
months' trading. lJuring (he following six months, liowever, 
mattei's greatly inij)roved, and after jriyiug all (^hargt*s this 
pei*io(] sIiovvcmI a sat isfacOu y [)rolil. The sum ofU I2. IStl was 
spent- in tlie puivliasf^of pigs in ihelirst leu iuonths. while tie- 
total amount 1 bus (‘xpendt'd during thn |irs( full year’sworkiin^- 
was lo. 

Th(‘ speed witli whieli the factory cstalilished itself is well 
shown hy t-lie fact tliat, in (he fifth month of its e\istenct‘ tin* 
goods sold anioiintcid to £7.22-*) Itk Sd. Tin* winning of the 
Empire Trophy at. the Dairy Sliow has ninlouhtedlv stimulate<i 
the growth of biisin“ss. Tin* (tmipa-iiy lias also* since taken 
1st, 2n(l and :Jr(] jiri/es a.i the boyal .Vgricultoral Show at 
Shrewshury. 

( APflAL IJiKO. ^\s other co-opei'athaeon lac'toriGS 

are likely to In* (‘stablished in other parts ot tlie eonntrv in tin* 
(*ours(* of i.ln* next few vfMrs, it in.ay be of int(*rest to ^dve the 
experieina* of tin* Hitehin factory as regards tin* raisin<^ of 
the nec^esHaiy f-apital, a.nd lh(‘cosl of woiking. It was found 
iiiifiossible to j'aise in the disti*ict itself more tlian about, half 
the (japital r('(piire(l, oi* enly snllicient to build the fa(?tor\'. To 
tinance the trading pai-t of tin* business, capital liad* to be 
borrowed from other sources, A laign* amount of trading capital 
is reijuircd to tide ovci* the bu.siu(*.ss nnl il I lie first returns come 
in. The processes of curing and smoking take from tlireo to 
four weeks, and a furtln*!* peidod of six weeks must be .allowed 
before payment can })e obtained fi*oni tlie ivtailer. As it is the 
practiee to pay the farmer in cash, it will he seen, th<a'efore. that 
to deal with dUt) })igs a week costijig. say. on an avera^Te, .£^1 
each, a working (avpital of about. £12.tH)0 will be ivcpiirech To 
start a modern bacon factory on (*veu a modei-atc scale, it will be 
Jiecessary to I'aise at least £‘2b,U0d. 
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A SUMMARY OF THE MANORIAL EXPERIMENTS 
WITH SUGAR-CANE IN THE \^EST INDIES. 

BY AV. R. DUNLOP, 

Scientific* vVssistant on the Staff* of tlie Iinporial Department ot‘ 
Agriculture tor the West Indies. 

Introduction. 

For twenty-five years, the West Indies and British Guiana 
haA'f' been tin*, scene of a very large amount of experimental 
work with sugar-crane. This work has Iiad foi* its principal 
objects (1) the production cjf improved varieties of seedling canes, 
(2) tJie deterininatiou of the nianurial recpiirenients of tlie sugar- 
c'ane. Information regarding tliis latUu* pin t of tlie work is to 
be found in the various annual reports on the subject, but in such 
a disconnected form as to make it dilficult to obtain a (dear idea 
of what has been done and found out. Jn the jiresent article an 
attempt is made to focus t he work and indicrate the general 
conclusions arj'ived at. ddiis sliould jirove useful to planters and 
invcKstigators alike. 

The princajjal nianurial experiments with sugar-cane have 
been, ancl crontinue to be conduerted in the Leeward Islands 
(Antigua and St. Kitts), Barbados, TriinMad and British Guiana. 
In this order the work will be clescribed. excrept that, under 
‘ Probable Error ’ where the conclusions ri'garding all the above 
cixperiments will be considered under that head. 

PART I. 

MANURIAL EXPERIMENTS WITH SUGAR-CANE IN 
THE LEEWARD ISLANDS. 

In reviewing the nianurial experiments with sugar-caiit* 
started first in Antigua in 18111. and continued later iu both 
Antigua and St. Kitts, it will be found convenient to consider 
the work accjoicling to tlie following ydan: - 

(1) Experiments in Antigua only {1891-lfiOd). With both 
plant canes and ratoons. 

(2) Experiments iu Antigua and St. Kitts. With p/uuf 
canes :— 

Period (a) IfiOddllOfi. 

• Period (b) 1913-1915. 

(3) Experiments in Antigua and St. Kitts. With ratoons :— 

Period (a) 1901-1007. 

Period (b) 1904-1914. 

(I) Experiments in Antigua only. 

These were conducted with both plaiilw and ratoons. The 
Bourbon variety was used and the results were obscured owing 
to the prevalence of stem diseases (probably CoUetotrichurn and 
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Cephalo8]^orium spp.) One benefit, therefore, derived from the 
introduction of seedling canes was tlje provision of disease- 
resistant plants for the continuation of these manurial experiments, 

(2) BJXPBRIxMENrS WITH PLANT CANES IN AnTIGUA 
ANH St. Kitts. 

Period (a) 190d-190(i. 

After the esiahlishnieiit of the Imperial Department of 
Agriculture for the West Indies in 1899, the experiments in the 
Leeward Islands were re-organized and resumed on a laj'ger 
basis. The series are enumerated below. It has been an e.ssential 
feature of these experiments that they have been continued from 
year to year without alteration for the period in question, and 
they have been conducted with one variety of cane, nainelv 
White Transpai-ent. 

The canes experimented with have been grown under estate 
conditions, and eacli plot , occupied a fresh 

position eacli year. 

In Antigua the experiments were conduetod for the greater 
part of the time at three stations, and in St. Kitts at two. Kach 
experiment was conducted in duplicate. Tlierefore there 
were 390 plots under investigation in each year. The mean 
results, therefore, represent what may be expei^ted under average 
soil and climatic conditions in the Leeward Islands. 

These remarks as to the manner of conducting the experi¬ 
ments apply to the Leeward Islands results iu general, l)otb 
as regards Dlants and rat oons of all periods. 

T1 le following is tlie statement of the dilferent series of 
experiments : — 

1 . No inannr(‘ plots.* 

2. Pen nuiiiure, each receiving 20 tons of pen manure per 
acre. 


NITROGEN bKRlEs. 

(A) With Ptttasli aud Phosphate. 

Each plot j*ecclved a dre.ssing of basi(; phosphate conveying 
40 tt), of pliosphorici acid (P.j O-;) and sulphate of potash conveying 
00 lb. of potash (K. O) })er acre. On these the following experi¬ 
ments were conducted. 

8 . No nitrogen. 

4 . 40 lb. nitrogen as sulphate of ammonia iu one application. 

5 . 00 lb. nitrogen as sulphate of ammonia in one application. 

0 . 40 lb. nitrogen as sulphate of ammonia in two applica¬ 

tions-(J) 20 »)., (2) 2011). 

* The whole of the area experimented upon leceived applications of pen 
manure : the maiiure.s applied experimentally are therefore additional to this 
pen manure. In the period llU,‘M9Jr>, no sueh ^eiici il appUcation of pen 
manure was made. 
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7. 60 It), nitrogen as sulphate of ammonia in two applica¬ 

tions—(1) 20 lb., (2) 40 H). 

S. 40 H). nitrogen as nitrate of soda, in one application, 

0. 60 11). nitrogen as nitrate of soda in one application. 

10. 40 It), nitrogen as nitrate of soda in two applications 

(1) 20 It)., (2) 20 It). 

11. 60 It), nitrogen as nitrate of soda in two applications 

(I) 20 lb., (2) 40 It), 

12. t»0 lb. nitrogen as dried blood in one application. 

(B) With Potash onl?/. 

l.‘t 60 5). nitrogen as .sulphate of aininoni.a in two applica» 
lions-(l)20lb.. (2) 10 lb. 

(C) Without Potofth aud Phosphate. 

14. 6<» lb. nitrogen as sulphate of ammonia in one application. 

15. 60 11). nitrogen as sulpliate of ammonia in two applica¬ 

tions—-(1) 20 lb., (2) 40 11». 

16. 60 5). nil jogen as nitnite of .soda in one ap]>lication. 

17. 60 n>. nitrogen as nitrate of sod.a in t wo applications 

(1) 20 lb., (2) 40 ft). 

PHOSPHATE SERIES. 

Ea(4i plot, savt* one, received a di(\s.sing of sulphate of am¬ 
monia. supplying 60 lb. nitrogen, and of sulphate potash 
supplying 60 IK of pctasli per acre, and the following experiments 
were conducted :— 

18 . No phospliat(‘. 

19. No phosphat(‘ ; witli potash and niti'ogen, the latter in two 

applications -(P 20 lb , (2) 40 lb. 

20. 40 lb. phosphate as basic phosphate 

21. 60 ft), phosphate as basic phosphate. 

22. 80 ft), phosphate as basic phosphate. 

23. 40 ft), phosphate as superphosphate. 

24. 60 ft), phosphate as superphosphate. 

25. 40 ft), phosphate as basic phosphate without nitrogen and 

potash. 


POTASH SERIES. 

Each plot, save one, received a dressing of sulphate of am¬ 
monia, conveying 60 lb of nitrogen, and of basic phosphate 
conveying 10 ft), of phosphoric acid, per acre. The following 
experiments were conducted : - 

26. No potash. 

27. 20 ft), potash as sulphate. 
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28. 40 lb. polnf^li nft Hiilpliate. 

29. 6U lb. potaRli as sulphate. 

80, 00 lb. potasli witlioiit iiiirogeii a!ul pliospliate. 

(iUANo sr.KiF.s (( )hle]Klor(rK DlssolvfMl bVruviaii ( OuiikO. 

ol. 2 cwt. ^iiano in one application. 

82. 4 cwt. giiano in one application. 

33. 4 cwt. guano in two applications—(1) 2 cwt., t2) 2 cwt. 

There were at each station :— 

4 pen-inanurcj plots ea(‘li receiving 20 tons per acre. 

1 no-nninnie plots. 

LIME SERIES." 


84. No lime, 

85. 150 lb. lime (oxide) in one a[)pli(‘ation. 

80. 800 It).. 

During i9tt2-3, an inipoi t-ant (umelnsion was aj*rive'd at on 
the basis ot* rhi-ee yeai*s’ work, namely that where mannrial 
experiments are conducted on one variety ot cane, it is sufticient 
tor practical ]>urposes io retjord and ma,k(‘ (.‘o/iiparisoiis on the 
weight of cane thci*el>y olwiiiting the tedious task of analysis to 
determine the sucrose. Jn other worris. it was found that nianur-. 
ing does not, for ])i*acli(‘al ])nrposes. .atlect the snci’ose (*ontenl of 
t he canc, 

KESLU/rs Al’ THE KM) OK SIX YKAHS, 

In the Kcj)oi*r hu* ll)05-t», "liable \'II. on j)agc 20. gives the 
means ot* lifty-ciglit plots foi* six yc.ars. That is to saw eacli 
expcriirieiil has been i'cpcatcd (ifty-(‘iglit I imes during t his period. 
This manifold repetition is siiOicient lu attord information of 
a detinite and r(‘lial)l(‘ character as to the (‘lfe(*t. of artilicial 
manures, and it is helicN ed tliaX planters may accept these results 
as a guide in their pra(*t ica.1 work. 

Idietirst })oint to be obserxed is that in no singb* instance in all 
the thirtF-lhrec (‘xperimeiits, lias the use of artiti(ual manures 
applied to plant (‘anes proved remuueratis^e. At the same time the 
applieation of manures gave .an incre.ase, ranging 1‘rom 1 to 8 tons 
of cane per acre. This is seen to h(‘ gr(‘at(*st when a complete 
manure containing a h(‘a\ y <lo.s(' of nitrogen was applied as in 
Experiimmt. No. 11. It is to bo laaneniheved that tlu‘se experiments 
are designed to .ascertain t.he otlect produced bv artificial 
manures when used in addition to the usual a]>pli(*aiioJis of pen 
manure, or similar manure, (‘inployed in local j)racti(*c, tlie 
(piestioii wliich it is sought to solve being: Is it lua-essary or 
remunerative to modify piosent locaal usage by empJo\nng 
(iddiikmal manure's in growing plant canes ? The answer is clear 
and definite. Tt is ao/. 


ISoi eontimied^duiing the whole 
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The answer holds good for the condition•=> of soil and climate 
obtaining in the Leeward Islands ; it alsf) holds good in connexion 
wiili the present methods of tilling and manuring the soil: any 
profound changes of method of cultivation, such as the deeper 
ploughing and cullivalion now being introduced in steam-plough 
work, may altei* eonditioiis and recjuire fresh investigations. 
It is liighly improhahle that the same answer would hold good 
uiidei cUQereiil conditions such as may obtain in other countries. 

ExPERIMfcLVTS VriTH PLANT CaNES IN AnTK.UTA ANDST. KITTS, 
Period (h) 191 tu 1915. 

As will he seen, tiiese expierimenls are of (phle recent origin. 
Tiuw were ini I'oduced for the following reason. In the experiments 
foi l\*i‘iod (a) just described, it was shown tliat if an adequate 
supply of pen manure is applied, no remuneration follows the appli¬ 
es titm of additional artilicaal manures to plant canes. But under 
f)i wailing conditions in the i^eeward Islands, especially in Antigua, 
an ad(‘(.)uatt* siijqjly of f)e:i mannn; is seldom available. Hence it 
becomes a mat t(‘v of importance to know to what extent artificials 
can 1)<‘ used as a suhstitule for pen manure. To determine this is 
tlie ohject, of llie present (ixperiments. 

Tlie .si heme of manurial applications is* the same as that laid 
out ou f age 2l.‘k The onh’ dilferenee istliat there is iiounder- 
lying application of 2(1 tons of pen manure to each plot as there 
was in the J\*riod (a) experiments. 

Th(‘ rt'sult-s obtained so far only eov»‘r two ei-op seasons, and 
are therebav not conclusively i'«*]>resentativ(‘ of what is lobe 
expected und(-e a,verag<‘ conditions. As a maluu' of fact the 
results hav(‘ been seriously interfered with tlirough drought. 
Nevertheless tlaw are interesting as far as lliey go. and in one or 
two directions .are (juite significant. 

Taking ilie mean of two years' results, the best, returns have 
been obtained in Experiment Nos. 5, IJ and 20. That is, No. 5 
in which 10 It. i»f nitiogen as sulphate of ammonia (in two appli^ 
cations), 4tt IT. of ])lioKphoric acid as vi-pliospliate, and 60 of 
potash as sulphate of potash were added ; Nt>. 11 and No. 20 
which receiv(‘d tin* .same qucaiitities of phosfdioric^ acid and potash, 
but a larg(a* (piaiitily of nitrogen (00 lb.) ])er aerta 

TliC applicaition of nitrogen witliout phosplioric acid and pot 
ash showed ])ecinnary los.ses. Phosplioric? acid witliout nitrogen 
and potash gave a decreased yield, Potasli applied alone showed a 
prolit, as also did potash and phosphoric acid applic'd together. 

The complete manure as in Experiment No. 5 gave a return 
somewhat- liigher tlian that obtained from tlie application of 20 
tons of pen luanui'C. With canes at 15.s‘. lOd. per ton, Experiment 
No. 5 shows a gain of Is. OJd.—the liighest return obtained. At 
the lower valuation of 10«. lOc^^. per ton of (?anes, the profit 
shown by this experiment is negligible. 

In general, tlierefore, it would seem that the profitable use of 
artificial manures for plant canes depends upon (a) the rainfall, 
and (b) the price of canes. When both are high, a complete 
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manurlal application will be very remunerative in cases where pen 
manure is nob obtainable A complete niamiro will no doubt bo 
found remunerative even under average conditions. In connexion 
with these experiments, the question of the elfect on the soil of the 
continued application of artiiicial manures crops uj). 1"he (|uestion 
is about to be investigated in Antigua and 8t. Kitts where 
a new series of trials has already been started. Th(‘ matter has 
received considerable attention for some yeai-s in British Guiana 
and to some extent in Barbados, as reference to the information 
given in their respective sec^tions will vshow. 

Experiments wito Batoons in Antic ua and St. Kitts. 

Period (a): Ihhl to 1907. (‘ Old Series ’). 

In those experiments with hi'st ratoons, the ])lant canes from 
which they were fiei'ived received pen manuiv at the rate of 
20 tons per acre plus artificials. In other words, these experiments 
were (conducted on ratoons which liad already been experimented 
with as plant canes The niaunrial scheme was the same ns that 
laid down under the plant e.aue experiments on pag(' 2BI. At 
page 10, in the Ib'port on the Leeward Islands Kxpeiiinents for 
l9t)6-7 will 1)(‘ found Tal)h‘ III showing the mean results for 
seven yeai\s. 

Nitrogen forms the most reniimerative rnaniirial eonstitU(*nt 
for ratoon canes, as isshown by the results obtained in Expoiiments * 
Nos. 14 and 10, and it may he given in the form of siilpliate of 
ammonia or nitrate of soda, without any other addition. Tins 
niannro shoidd he aj>plied early, and in one dose. The (juantity 
wliie.h may profitably he used appears to lu* from 200 to jtlltlt). of 
sulphate of aniinoui.a, or from 2-:0 to .‘PjO 11>. of nitrate ol soda ; tht* 
larger amounts will pro}>ably prove more remuiicralive in those 
places vvheiv tiie (conditions of growth are favourable, and the 
rainfall fairly large. 

The experiments Avith phospiiates (Nos. 18-25) dtnnonstrate 
that phosphatie uiamir(\s have proved unremnnei'ative, whether 
used alone or with iiiti‘ogen and pot.ash, and also whether given 
in the form of basic phosphate or sn])cr})bosp]iate. This coiielusion 
thus briell}' expressed, appears to he of very considerable impor¬ 
tance. It is true that the largest return in the wliole s('rios of 
experiments has i*esulted from the use of 6d of jjhosjdioric* acid 
as superphosphate, in conjunction with nitrogen and p(^tash 
(Experiment 25;, but this experiment does not giv*^ tlie best 
monetary return on account- of the cost of the manure. 

The experiments with potash (Nos, 26-29) indicate small gains 
from the use of small (]iianlities of potash. The us<=» of 20 IK of 
potash gives almost as large an increase as th(^ use <)f lO fo. or f>0 lb. 

It is more than doubtful whether the ns(^ of even 20 ?j. of 
potash would constitute a remunerative addition to jiitn^geiious 
manure for ratoon canes. There is no direct experiment to prove 
this assumption, but it can bo checke<4 by Ccalculation from other 
experiments. For example, in Experiment IS, the camvs received 
60 Ib. of nitrogen and 60 It), potash, and the vield is 19*2 tons. 
This agrees closely with Experiment 29, receiving 60 Ib. nitrogen. 
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80 lb. potash and 10 It), phosplioric acid, when tlie yield is 19*4 tons 
Now 40 lb. ot' phospliale liave been shown to have no appreciable 
effect (see Experinienl 20) ; bnt l^xperiinciits 27, 28 and 29 show 
that increasing (piantities of potash above 20 lb. yield.but I’elatively 
small iiiereasi^s of ciop, 0(3R>. only inci'casing the yield by 
0*4 ton above 20 lb. We may tlierefore agree that, if in 
Experiment 18 we liad used only 20 lb. of potash, we should liave 
reduced the yield by () 4 ton. i e.. the yield would have been 18*8 
tons of cane. Hut Experiments 11 and 10 show that 00 lb. of nitro 
gen without potash give 188 aiul 185 tons of canes, from which 
it s(‘enis pr(d>ab]e tliat potash will prove doubtfully remun¬ 
erative. Again it must not be forgotten that, in this series 
of experiments, there is the residual effect of the manure applied 
to the ])lant (taiies. We should therefore expect to vSee a fairly 
marked Incrt*ase in yield if potash were really necessary, since 
potasli is a manure from wliieii residual action may he expe(*ted. 
This, howevej*, is not observed. 

It is tc> he remarked that potash abjue. without nitrogen and 
phosphate, has ])ractically no ijiiluene** on the yield. 

Guano increases tlie yield somewhat, but not in a remunera¬ 
tive degree. I'his is somewhat remarkable seeing that guano was 
applied both to tiie ])hiut canes and to the ratoons. If guano 
hnd been a desir*al)le manure, we should have expected a marked 
effect on tlic ratoons .‘is the result of the action of the residue 
umitiliz(Ml by the plant eaiies. 

4'hese expei’iiiieiiis, rarried on dining se\«’n \ears wherein 
aeli ('xjxninumt has lM*en repeated thirty-seven times, 
(259 indiv idual irsts). ha\e gi\eji very fair!\ eonrf)rdant results. 
The seasons dm iiig uhidi 1 iie\ li.axM conducted have, on the 

whole, ))ten ralh'M* pom ones . the iM.inbtll lias not lieiai altogether 
adeapiate, or as hern badly <listribiited. Still the experiments 
cover a rangi* of conditions whicJi tlic sugar plantin' in Antigua 
and St. Kitts has tn meet. They sliow fairly conclusively, that 
nitrogen is tlie inanurial eoiistitucnt reijuired by ratoon canes, 
and that the ie<juirements of tlie crop will he met b\ t he use of 
from 2 t-o 2j' cwt. of sulphate of ammonia per acre, or from 2.^ to 
8.^ cWt. of nitrate of soda, given in one application. 

Potash is doulitfully remnneiative. and, if used, tlie ijuautity 
need not ('xcce l 20 lb. of polasli (10 lb. sulphate) per acre. 

Phospliates are not remnneratixe 

The foregoing eoncinsioiis presuppose that when the land was 
prepared lor }>laiit (;an«‘s, it was adetjiiately manured with aliout 
20 tons per aci (‘ of good pen manure, or its (‘ipii valent. 

1 liese camel nsioiis are ‘.ipplmable to the average conditions of 
soil and climate obiaining in the Leeward islands, and no sugges¬ 
tion is made as to their applicability under other conditions. 

HATOON ExPERlMEN rs IN AntKR A ANI ) St, KiTTs. 

(‘ N( w Series 1901 lo 191 I. 

Ill (lie experiments with ratoon c.aiies already summarized, 
the manures weie applied to plots of ratoon canes which had 
previously, as fdanl canes, received a dressing of artiticial manure 
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similar to that applied to the ratoons. It may be suggested, 
therefore, that some of the results obtained with the ratoons 
(old series) may be due to the residual action of manure applied to 
plant canes. It became desirable therefore to conduct manurial 
experiments with ratoon canes which are derived from plant 
canes grown with the use of pen manure only, without any arti¬ 
ficial manure. This new series of experiments was started in 
1904 and continued for ten years. In the last 3 ear or two a few 
of the experiments with phosphates and potash were omitted, the 
necessary information in regard to these having been sufficiently 
well established. 

KESlDtJAL EFFECT OF MANURES (LRENVARD ]8T ANDS). 

On page 12 of the Report on ihesc ext eriments for 1909-10 
is a table showing residual effect of artificial manures applied to 

E lant cane experiments on the, ratoon canes in the ‘ old series’. 

riefiy this talde indicates, on comparing the average increases in 
the old and ]iew sei’ies, that, on an average, 1 *5 tons of the increase 
from nitrogenous manure in tin* ‘old series’ is due to the effect 
of fertilizing the plant canes, that is, to residual action. 

RESULTS OF NEW SERIFS. 

A general sui \e\^ of tht‘ results will sliow that in the Hrst. 
place the majorit v of the imuiiu’ial a[)pli(aitious ha\ e ivsulted in 
increased yields. Dealing with tln" expei-iments seriatim, we find 
that iji the ease «)f Experiment 2, th<‘applicatioji of farmyard 
nianuj*e at t he rat<‘ of^Ulojis per a«*re has pro(hie«‘d an increase 
in yiel<l amounting l(» 1 o tuns <»f ('an«‘ [>er acre* : W(‘ therefore 
conclude that applications of this d(*scriptien ai'enot of benefit in 
relation to ratoon canes, since an increased yield of tlie.se dimen¬ 
sions would bv no niean.s eouiiterbalanee the coal of the 
a[)plication. 

In relation to the nil rogen seiies we find that nitrogenous 
manures bav(* in all caises led to inci*eased yields ; the applications 
made more recent 1 \^ have only taken tlie form of siilpliate of 
ammonia and nitrate of soda : in the earlier 3 'eais trials were 
also included with slower acting foi nis of nitrogenous manures, 
namely, dried blood and guano : the result however demonstrated 
conclusively, that applications of this tvpe were not remunerative, 
and in 1909-1^ tliey were omitted from tlie experiments. 

When the applications of nitrogenous manures are made in 
conjunction with potash and ]>hospliale, the returns are some¬ 
what larger than when they are applied alone : on the other 
hand, the increases experienced consequent on the application of 
potash and phosphate are so small as to i)e nnremunerative, 
namely, 1^47 ton per acre. 

It is necessary that the application of the manurial material 
to ratoons should be made at an early date after leaping the 
plant canes; if the applications are made too late or the doses 
divided, one would anticipate that the result would be less 
favourable, and this is borne out by the experiments in which it 
is shown that dividing the dose has in no case increased the yield, 
and with the exception of one experiment. 
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statements may be accepted as beinff gener¬ 
ally true:— ^ 

When canes are worth 10«. per ton 

40II). nitrate as sulphate of ammonia shows a profit of 5 k 8 d. per 
acre. 

40 U). nitrate as nitrate of soda shows a profit of ll.s*. 9d. per acre. 
VVhcn canes are worth 15a. lOd. per ton, 

40 lb. nitrate as sulphate of ammonia shows a profit of 208. 2d. per 
acre. 

10 lb. nitrate as nitrate of soda shows a profit of 28s, 3d. per acre. 

When the size of the dose is increased to 00 lb. nitrate the 
profits become reduced. 

The lowest limit of pric^e of canes is T-s*. 3d. per ton. at which 
value none of the manurial applications ai'o productive of profit. 

Alterations and Additional Manorial Experiments 

IN THE LeEAA^ARI) ISLANDS. 

In 1902-3 additional experiments were laid out to obtain 
further information on the question of the influence of phos¬ 
phates. The results obtained supported the general (jonclusion, 
that the application of phosphatic m uiure.M to plant rtanes in the 
Leeward Islands does not prove remunerative. 

In 1909-10 experiments were introdneed to test the value of 
applying nitrate of soda and sulphate of ammonia without tiie 
addition of other manures in .single and divided ones. 

In this year I he guano .series in the main experiments was 
discontiiiueci, necessitating a slight inodificalion of the system of 
n\imbering (see Report for 1909.10, Part 11, p. 2). 

RESULTS OF ADDITIONAL EXPERIMENTS (1915). 

In relation to thr> more recently introduced in (1909-10) 
nitrogenous manures, nitrolirn and nitrate of lime, it has been 
shown that nitrolirn is ineffective as a manure when applied to 
ratoon canes, but nitrate of lime possesses a value nearly equal 
to that of sulphate of ammonia. 

In the same year (1909-10) manurial experiments were started 
with molasses. It ^vas thought that the application of sugar to 
the soil might result in the increased activity of nitrogen-fixing 
organisms. 

Applications of molasses to ratoon canes have proved to bo 
unproductive of benefit: the effect of similar applications to plant 
canes is under investigation. 

Expeiimeiits with lime have been carried on from the 
inception of the main manurial trials. 

The effect of small dressings of lime has been negative, but 
when larger dtessings of marl have been given, benefit has been 
derived, especially in the case of heavy uon-calcareons soils. 
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The General Applicability of the Leeward 
Islands’ .Results, 

At the 011(1 ol' tho Reports on thes(* experiments, there 
are tables and diagrams giving the mean results at all stations 
both in ^\nti"ua and St. Kitts. It is on these tables of mean 
results that the genoi*al eonelusioiis are based as to the best 
methods of manuring' to adopt- in the Leeward Islands. The 
rpiestion might be raised as to whether one is justified in 
generalizing on data (»btained under sikjIi difl'ereut soil and 
elimati(^ eonditions as obtain in Antigua and St. Kitts. To 
settle the ]Joint. the means for the Antigua and St. Kitts stations 
have been sejiaraiely ealeiilated. Tliis has been done in the ease 
of the six years’ experiments with plant canes, lbOO-1 to 1905-6. 
The figures olitained show that the mean yield of the control 
plots in Si-. Kitts is n(\arly 19 tons of caiu' higher than that for 
Antigua, owing chiefly to the higher rainfall of St. Kitts. 
Consequently the yiehts obtainevd in the different manured plots 
in St. Kitts jire liigher than in the eorresponding plots in 
Antigua. 

Further, while tie* inclividual increases resulting from 
identical inanurial treatment in both islands are not always in 
agreement, tin* figures nevertheless bring out the general 
deduetion aln^ady drawn on tlie basis of the ermibined means, 
namely, that wlaui the laiul has been adf‘(|U.ately supplied with 
pen m.‘inur«‘, the addition of ai*titjc.ials to plant canes is not 
remunerative. Li other word.s, this generalization holds good 
l)oth for St. Kittn and Antigua alike. 

The eaJeulat('d means ft)r !H>th islands are given i)o|ow. The 
manurial treatment »anplov(‘d in the (*xperinients enumerated, 
can he seen b\* referen(*«* to th<* .scheme laid out on puge 2lo. 



223 


Experiment 

number. 


Antigua. 

Mean. 


St. Kitts. 
Mean. 


1 

2 

8 

1 

5 

6 

7 

8 
9 

10 

11 

12 

IS 

14 

15 

16 

17 

18 

19 

20 
21 
22 
2S 
21 

25 

26 

27 

28 
29 

50 

51 

52 
3S 


20*9 

235 

22- 9 
24*7 

23- 4 
23*8 
24*2 
24*5 
24*0 
24*7 
25*6 
24*7 
21*8 
233 
22*8 
22*0 
23*1 
24*6 
22*1 
24*0 
25*0 
25*6 
22*3 

240 
24*6 
22*5 
23*2 
24* 1 

241 
21*2 
21*6 
23-4 
23*4 


301 

30*3 

312 

30*5 

32*7 

33*4 

331 

30*4 

31*2 

32*6 

32*5 

29*6 

32*8 

31*2 

331 

32*2 

29-8 

33*8 

32*0 

33*4 

33-4 

33-6 

29*5 

34*6 

34*5 

32-2 

32-3 

33*6 

341 

29-2 

31 -3 

31 -8 

32-2 


lliiriiig the period in vvhieli this series of expeiiiiients was 
being condufted, it was impossible to aseertain the average 
weight of canes reaped on the estates: with tlie introduction of 
the central factory system the weights of tlie cane crops are 
now known for a large number of estates, and it is found that 
these weights are in general agreement with those obtained in 
these experiments, botli as regards Antigua and 8t. Kitts, thus 
showing that the experiments were conducted under conditions 
representative of those under which sugar cultivation is carried 
on in these islands. 
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PART II. 

MANORIAL EXPKRIMEllsTS IN BARBAD08. 

A Summary of Twenty Years Experiments at Doj>J)s. 

The Report on these experiments for (1911-13) eoutains the 
following sumniiiry of the trials made at Dodds witli plant canes 
for twenty years. 

To each plot the same manure has been applied year by 
year, so that by this time it ought to be possible to obtain some 
idea of the requirements of soils such as those at Dodds under 
climatic conditions that prevail in that district. 

For the twenty years lliese plots liaxe received regularly 
farmyard manure at the i-ate of 20 tons, approximabelv two 
squares (8(M) cubic feet), per acre. In addition one plot received 
an extra 20 tons of farmyard manure, equal to 40 tons per acre. 
In the nitrogen series eacli plot received 80R). of assimilable phos¬ 
phates as superphosphate of lime and OODj. of potash as sulphate 
of potash. One plot received nothing further, and the remaining 
plots received vaiying quantities of nitrogen as sulphate of 
ammonia, nitrate of soda and dried blood. In the phosphate 
series, in addition to the 20 tons of farmyard manure, each plot 
received 6011). ol* nitrogen as sulphate of anmionia and 601b. of 
potash as sul])liate of potash. One plot received nothing further. 
Four plots received varying quantities of {)hosphate as super¬ 
phosphate of lime, and two plots received basii* slag, one at the 
rate of 80ft). and the otluM* at l>he I’ate of lOOlb. per acre. Jn the 
potash series in addition to the 20 tons of farmyard manure, 
each plot received 8011). of assimilable phosphate as superphos¬ 
phate of lime and OOlb. of nitrogen as sulphate of ammonia. 

One plot received nothing further; the remaining plots received 
varying quantities of polasli as sulphate of potash. 

NITROGEN SERIES. 

In the nitrogen scries the ))est monetary result was obtained 
where lOlb. of nitrogen as sulphate af ammonia was applied, 15ft). 
in January and 251b. in June. In this case there was a gain, 
after dedneting the tjost of the manure, of $13T9 over the ‘ no¬ 
manure ’ plot and Jj>10*47 over the ‘ no-nitrogon' [)lot. The 
next best ivsult was obtained where GO lb, of nitrogen as dried 
blood, 151b. ill January and 451l>. in June, was applied. In this 
liase there was a gain of $13T3 over tlie ‘no manure’ plot and 
^9*69 over the * no-nitrogen’ plot. 

As usually under ordinary eonditioiis about GOlb. of nitrogen 
18 applied per acre, it may be of interest if the results obtained 
with sulphate of ammonia, nitrate of soda and dried blood sup¬ 
plying this <|uantity of nitrogen, are com[)ared. For the 
twenty years the yields of saccharose per acre have shown that 
there is very little dillerence between the 6Gft>. of nitrogen as 
dried blood, applied 1511). in January and 1511). in June, and the 
60tt). of nitrogen assulphate of ammonia applied all in June. 
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Tlie result given lor each plot is tlio mean of the eight 
ihiplioations. 

In the .serionrl year the applieations were made to first 
ratoons following file plants manured in 1918. 

JiHR(‘HiN Castle Esta^i'e — Couva. 

The soil is a flat clay loam. Previous to the experiments 
under review, 7 cw^t. of lime with a mixture of about 10 tons per 
acre of ashes from furnaces and mud from the filtei* press cake 
was applied. 

llainfall from time of planting to date of reaping 
plants, . 82*94 inches. 

Ditto as regards first ratoons ... ... 52 82 „ 

The results obtained for the two years, i. e., the average for 
the plant canes and first ratoons, show that there has been a 
profit of $8*24 from the app'ication of the complete manure over 
sulphate of ammonia alone. There has also been a profit of )8{3*72 
and $1*33 from the addition of phosphates and potash, r€spec- 
tively, to the sulphate of ammonia. 

Espkhanza Estate —Cali KOKNi a 

Tlie soil is a flat sandy loam. Ib-evions to the expeiimeiits 
10 (*wt/. lime and 15 tons pen inaimre were applied. 

Tiainfali ii*om time* <>1 planting In dale of reaping plants, 
71'30 inches. ^ 

Dit to as regai-ds period of growth of ratf»oiis 51-51 iiK'hes. 

Tlie results obtained from lirst. ratoons s1k)\v a substantial 
pi'ofit. The plant canes sliowtsl in g«‘nera,l, a loss. As regards 
the avei*ag(‘ for two years, in < Ik^ (umiplele manure series the 
best resnlls were obtained with calcium iiiti*ate and sodium 
nitrate. These show a profit oi $12‘0t) and $Ht03, respectively. 
From the application of the (aniiplete mannie »)ver sulphate of 
ammonia alone, there was a profit of $1’19. A gain was obtained 
by the addition of phos])liates to the sulphate of ammonia and 
potash plot, but no benefit from the addition of p tasli to the 
sulphate of ammonia and' potasli plot. 

Malgketoute Estate—Princes Town. 

The land is an undulating red soil. Fh‘e\ ions to the experi¬ 
ments, 2 tons of air-slakfMl lime and 15 tons of pen manure were 
applied per acre. 

Rainfall from time of planting to date of reaping plants, 
71*04 inches. 

Ditto after period of growth of first ratoons, (>3-43 inches. 

The application of artificials to plants was accoinfiaiiied in 
every case by financial loss. The same oe(Mjrred in the case of 
the average for two years. 
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General Conclusions as regards 'tRiNiDAD. 

The addition of artificials, especially a form of quick acting 
}iitrogen to ratoon cane, pays. Tlie yield is increased if a com¬ 
plete manure has previously been added to the plants. As 
I’egards plant (ianes tliemselves, a complete manure appears to 
be more productive of benefit than an incomplete one. 

The contradictory results obtained at Malgretoiite estate 
cannot be explained on the basis of the published information. 
Tf. must be remembered that the results, as a wnole, are only the 
I'esults of t wo years, experiments, and are therefore not fully 
fionclusive. At the same time the plan of investigation adopted 
is to commended, especially in respect of the extensive duplication 
of the plots, whi(di should give a very reliable mean for the season 
and situation of the particular year. It may be added that the 
results, as expressed above, are in more oi* less general agreement 
with those obtained in the Leeward Islands. 


PART IV. 

M.ANURIAL EXPP]RLMENTS WITH SUGAR CANE IN 
BKITISH GUIANA. 

Introdik.tion. 

In the West hidimi Bulletin, Vol. XIIT, is a paper by 
Professor Harrison. G.M.G., and Mr. F. A. Stockdale. M.A.. 
reviewing the .sugar-cane experiments in British Guiana during 
ihe years 1900-1911? This useful paper (*ontains a section devoted 
to manurial trials, and from the resume appended to tiie section 
referred to, the following summary of results has been prepared. 
This summary should furnisli intere.sting infoi*mation for com¬ 
parison with wliat has been written ah*ea<ly con(*erning manurial 
results in the Leeward Islands, etc. 

As regards, the exact arrangement of the plots and the 
manures applied, tJie iniormation available does not permit of 
a concise statement l»eiiig made here. Tlie reader may refer, 
however, to the paper noted to above. 

Nitrogenous Manures. 

As regards results, nitrogen in the forms of sulphate of 
ammonia, nitrate of soda, nitrate of potash, nitrate of lime, 
nitrolim. dissolved guano, raw guano and dried blood exerts 
a favourable iuliuence in British Guiana upon the yield of sugar- 
canes, and is without doubt the manurial constituent which 
mainly governs the yield of that plant. This applies to every 
variety of sugar-cane which has been under trial. When applied 
in quantities capable of supplying 40 to 50 lb. of nitrogen per 
acre, there is little to chose between sulphate of ammonia, 
dissolved guano, and nitrate of .soda ; but, on tlie whole, the first is 
perhaps tlie preferable manure to apply. When applied in 
larger quantities, dissolved guano and sulphate of ammonia form 
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the best sources of nitrogen. On the whole, dressings of from 
2 to 3 cwt. of sulphate of ammonia per acre appear to be the 
most certainly profitable applications of nitrogen. 

PHOsrHATic Manures. 

The application of phosphate of lime, particularly when made 
to plant cnnes, gives somewhat increased yie^lds when used in 
conjunction with nitrate and potash. The value of the increases 
however are not always lemuiierative. The kind of phosphate 
to apply in British (riiiana depends upon t he kind of soil water. 
Where the subsoil water is alkaline, superphosphate is the best ; 
new lands are preferably treated with basic phosphate or 
slag phosphate. As a i*iile‘ it may be stated that mineral phos¬ 
phates to give increased yields, must be a})plied to the soil in 
such very heavy dressings that theii* use is decidedly 
LUiprofitatole. 

Potass Man u k es. 

The addition of potasli exerts little if any elieet, the st>ils 
of British Guiana lieing able to set free from natural reserves 
the quantity necessary for the j-equiremenls of tlie plants. 
Uowever, wliere canes and cane tops are removcfl from the land, 
as in nurseries for tlie supply of cane plants, it is probable that 
partial potash exhaustion may take plaee in the course (jf a very 
few crops. 

Lime. 


The use of lime resulted in largely increased yields during 
the earlier years of the trials. Its action is priiuap.illy mechanical 
in improving tlie texture of tlie land. 

Effect of MANUKiNci on the Soil. 

In considering tlie effects of lung, continued cultivation 
and applications of manuies upon the land of British Guiana, it 
is stated tliat fallowed soil s1k)w.s eventually a marked improve¬ 
ment in tilth, and, if allowed to become overgrown with herbage, 
in its content of humus and combined niirogen. The fertile 
heavy clay sugar-cane soils of British Guiana are slightly to 
markedly alkaline in reaction. Tliis is why sulphate of ammonia 
usually gives better results than nitrate of sod.i. The alkalinity 
of the soil waters is increased by luiltivation. and by the action 
of some chemical manures. The long-continued use of nitrate 
of soda in heavy dressings at^ts detrimentally on the iioeculenee 
of the (day in tlie heavy clay soils, and lends to reduce more or 
less permanently the productivity of the soil. Tiiis effect may 
however be remedied by deep and thorougli forking of the soil. 
It appears that the growth of sugar cane without the use of 
nitrogenous manures is accompanied by marked losses of the 
combined nitiogen, and of the humus constituents of the soil. 
The loss of humus seems to be greater with nitrate of soda than 
with sulphate of ammonia. 

British Guiana sugar-cane soils which contain more than 
’007 per cent, of phosphoric anhydride soluble in 1 per cent 
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citric acid solution by five hours’ continuous shaking will not as 
a rule respond to nianurings with phosphate. If the soil yields 
less than *005 ])er cent, of phosphoric anhydride, it is advisable 
to apply lieavy dressings of slag phosphate or lighter ones of 
superpliosphate. As already stated, in regard to potash the 
demands of the cane are nsu.ally well met from the reserves in 
tlie soil. British Guiana soils wlih^h yield 'OOf) per cent, of potash 
to 1 per cent, citric acid solution, can be regarded as containing, 
under the usual system of cultivation, sufficient available potash 
for needs of the sugar-c.ane. 

The demand of the sugar-cane for lime as a plant food is 
low, .and if the soils give up more than ’OdH per cent, to 1 per 
cent, citric acid solution, it would probably yield sufficient for 
plant food for ordinary crops of sugar-c.ane. The cMiltivation of 
tlie sugar-cane is accompanied by loss of available lime from the 
surface soil. 

As has Ihh*ii demousiraled in the case of the Leeward 
Islands expei-imenis, neither improved motliods of cultivation 
nor liming the land, nor the use of manures aCPecds the proportion 
of stigar coiitcained in the sugar-cane. 


PABT V. 

PROBABLE ERROR. 

(l)l.ERWABi) Islands and Barrados. 

The degrt'C of dependenec (,Vat may be placed upon the 
nuinei'icid results given, in the pn^ceding pages receives atten¬ 
tion in tlh' following discussion. In th(< first [)art of thi’ table 
^vlli(^h appears Ix'low. tliore ar* included, among others, tlie 
results of ealculatiiig tlie p]-<)]>able error of t.lie average, and 
that. one experiment, in some of the sugar-cane investi- 

g.ations that have been cond.ieted continuously at Dodds. 
Bar])ados, foi- llu' Sf*V('uteeii years 1891 to 1910. Jt is 
seen here, tliat tlu* differeu(*es between th<‘. avei*ages obtained wlien 
nitrogen and wlien nitrogen and potash are supplied to plant 
canes in addition to pen manure are signilieant (that is outside of 
tlie limits of exjierimeiital error) parti('iilarly in tlie (‘ase of the 
latter mctliod of manuring : while in the case of any one exyieri- 
ment, in regai*d to the addition of nitrogen alone, dependence 
cannot be yilaeed on the nnnieriea] result, as this ir.a\' bo 
entirely due to the error f>f t*xperinient. A similar conclu¬ 
sion is to be drawn from the figures given for the l^eeward 
Islands, UltM-t), in the second yiart of the table, Deferring to 
the result of the employment of nitrogen (in artificial manure), 
potash and ])ho8ph()rus. in addition to pen manure ; the 
average of the results shows a gain of M tons of cane 
froHi the last-named metliod n\ maiuiriiig, wliereas the probable 
error of the average in eaeli (*ase is only 0*41 .and O H.T Further, 
the result of any one experiiiieut is here again without signifi- 
eance ; actually, in such a case, it is possible for the difference 
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arising from the errors of experiment to be greater than that 
which may be expected from the addition of the manures. 

It is instructive to compare the signilicance of the general 
results for the Leeward Islands (actually for Antigua and St. 
Kitts) with that of the results for one estate, fora period of years ; 
this has been done in the third and last parts of the table, pre¬ 
senting figures obtained at Buckleys, St. Kitts, for plant canes 
during 19U()-5, and for ratoons during 1902-7, Here, with plant 
canes, tlie pi*obable error of the average is very much the same 
in aiiKHint as the diflerences that are made to be apparently due 
to the diflerent methods of manuring, and it is evident, without 
further consideration, that there is nothing to be gained from the 
application of artificial manures to ]>lant canes, under the con¬ 
ditions of the experiment. In view of what has been said, the 
figures showing the probable error of one experiment require to 
comment. The case of the trials with ratoons presents, howev^er, 
very different features. Here, basing the judgment on the figures 
for the differences for the manures, and for the probable errors of 
the averages alone, significant gains are indicated where artificial 
manures have been employed. 

The table to which reference is made above appears below. 
It presents results for the purposes of illustration, calculated 
from data, chosen at, hazard, given in the Annual Reports on 
Agricultural Experiments conducted in Barbados, and in tlie 
Annual Reports on Experiments conducted in Antigua and St. 
Kitts, for the years mentioned. 

In the table, the numbers in brackets refer to the numbers 
designating the experiments as they are detailed in the reports. 
Further, N P and K denote experiments with artificial manures 
supplying chiefly nitrogen, phosplioric acid, and potash, respect¬ 
ively.^ 
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BARBADOS. 17 YEARS’ EXPERIMENTS AT DODDS, 1894-1910. 

PDANT CANES. 




Tons cane, 

Difference. Probable 

Probable 



average. 

error of 

error of 




average. 

one ex¬ 





periment. 

Pen 

manure 

21*0 

rfcO‘70 

±3*1 

Pen 

manure, 
40 Ih, N 

and', 

1 " 

3*4 ±0*83 

=h31 

Pen 

manure 

and \ 




40 11). iV and 30*5 

0 5 db0*79 

:t3-3 


I REWARD ISLANDS. AVERAGE OF EXPERIMENTS, 

ISOl-O. 


PLANT 

CANKS. 



(1) Pon manniv’^ 

24 8 

_ 

±0-11 

±1-8 

(4) 40 lb. N and | 

27*8 

3*0 

io-on 

±1-8 

K and P i 





HircKLKy’s, 

ST. Kirrs, 

1900-0. PlfANT canes 


( 1 ) Pen manure 

32-3 

_ 

±o-!)r, 

±1-7 

(2) Pen niannri' 

32-4 

0*1 

± l ‘00 

±i-o 

(6) N P K 

330 

PO) 

±PJ0 

±l-{> 

(14> N 

321 

0-1 

dr 1-53 

rto-3 

(18) N K 

3 P.7 

2*2 

±1-60 

Hbo'o 

(2d) NP 

3 PI 

P8 


-tl-7 

El f KLKTS. 1 !»02- 

7. RATOON 

TANKS, 


( 1 ) No manure 

15*7 

_ 

-tl-81 

±1-0 

(2) Pen manure 

17*5 

1*8 

±212 

db4-7 

(6) N P K 

21-2 

5*5 

rfcin 

±3-0 

(14) N 

22-0 

0*3 

±111 

4=3-0 

(18) N K 

22*1 

0*1 

±1-31 

4=1-1 

(26) NP 

20 9 

5*2 

±1-17 

4=4-7 


(2) Probabck Error in the British Gtjiana and 
Tiuntdad Experiments. 

Ill British Gui.aiia. Priifessor Hai’rison has studied tho pro¬ 
bable error iiieidental t-o the inaiinrial experiments iii thfFereiit 
directions. In relation to tin* (jiiestioii of the size of the plot and 
the amount of duplication desirable, Professor Harrison comes to 
the concJusion that wh^-re live or six duplicate trials are made, 
plots ot from to ,‘^-j-acrH in area are sufUeieiitlv lar^e for all 
reasonalde requirements, whei-e nine or ten duplicate" plots are 
used, areas of to .\,-acre are satisfactory, whilst should plots 
of say to ^\y-acre have l)eeii used, the treated and untreated 
plots must not bo less than sixteen each in order that the mean 

^Eavli plot in this series (iiieluding the contrt)!) received a dressing of pen 
manure. 
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results Rhall ]>e reliable. Plots from to ..^,., aore in area have 
bceu fomid iu tlie ease of sii^ar-caiie to be the most suitable in 
size for easf? nufl aeeiiraey iu the reaj)iii^ of the procluee. lu- 
eieased accriraey has not been ol>taine(l in the su^ar-eane trials 
by im-rea-sine the area ef the plots heyonrl ,^^-aere oaeli. Not 
only are portions oT llie larger plots situated mueh farther apart 
tlian are the j>ai*ts of closely udja(ient small ])lots, ])ut the lar^^er 
plots ari‘ more likely to liav(' inor<‘ or less projiouneed irregularity 
of soil in lluun than are prescmt in sinalha- oiu^s. Tlie diflieulty 
of grTting the vai’ions millnial and reapijig operations carried 
f ln*ong}i on se\'eral larg(‘ sized [>loLs in t lie same day introduces a 
source ot (‘ri’or t hat is readily <‘limiiiated from, or not ]jresent in, 
the smaller ones. 

Ih-ol'essor Ihii’rison has also flealt with the otleets <.)f diHereut 
'.ejisons t>n t be probabU* eri-or. It lias l>e(‘n Tound that in tlu^so 
(rxperiments thf‘ nnavoidahle erroi's ha.vi* lieen lovve.st in favour* 
alil(» years and liigla^st in ycMi’s in whiidi mcteoi-ological <*ondi- 
tions and tlu‘ onset of di.sease in the canes have* proved iuoi*(' or 
less disastrous to llieir yields. 

Xot hing a])p(‘ars t() liave been pnbiislied so far eomrerning 
t lie (|nest ion of the prolia.bh* en*t)r in tin' Trinidad experiments, 
tb'om lie* i'a-et that ea<‘li one of tlK‘ Ti*inidad exp(U*imeijts is 
dnt>li('aled eight limes an<t tluit the area ol' <*a('h [ilot is ahout 
‘„-aer(\ it is legitimate to sup^iose that tlie mean ]*esults foj* any 
one expeiiment. No. are very reliahle. It will be noticed that the 
size anrl duplication of tin- Trinida.d plots ari‘ in agreement witli 
Avliat lias lieen advoeatini l^rcd'essoi* Ihaia isoii in Jlritish Gniana. 
t'onsidei'ing the Leeward Islands ex])eriim‘nts, ea{?]i experiment 
lias been flnplicaited tvvi(_<* at ejii-b station. As tin* ex])erinieiits 
ware conducted a*^ five stations, <-acli expei iment was duplicated 
i^m limes compared Avit.h a total duplication r)f tAAcnty-four for 
any nnc cxppriimait iu I’rinidad. Thus for any one year, the 
results ill tin* 'Friiiidad ;uh 1 Deiiierara. exjieriments are likely to 
more scn‘nti(i'*a]l\ aocura.te than the results obtained t’r<mi a 
fowm* number of plots in tin* Leeward Islands y\t tin* same 
fiino ib^' (‘xperiments in tin* Leeward Islands lni\e betm eondnel 
r-d ovei' a long pi‘nod of yoais, wliicli enalili's sound (‘on- 
clnsions to bo drawn as t<> tin* ellocts o[‘ manures under average* 
ooinlilions oi‘^oil and «iimai-o. Tin* Ticeward islands ri'sults an* 
nnu'e* r<*liabb*, therefoix*, in a general tlian in a partieadar sense*.. 

XOTKONTIIE PUKCLSION OF W tXI L\ OIAX M FTHODS. 

In sugar-(%‘nie expci-imcnls with manures of the nature of 
thoso dcs(*rib(*d in (*onnexion witli tin* Ijoeward Islands and 
llarbaelos. tin* probaJilc error of one* f‘X])(*rim(*nt may range* from 
12 to 15 o]' even 2tt jier ce'iit If the prohahle*. erreir eif a seuies of 
experiments is 12 })cr c(‘nt. 1 ln*n. in ordeu* for a diire‘reaic;e of 
5 per cent, to liave a probability of 10:1 i,]iat it is signihoant. it 
will reejuire* forty-six rejiet-itieuis of tlie* (‘Xperimenl.. If, jio\ve‘ver, 

11 is re<juii’e‘d that a e|iflei*ene.c of ouly 10 percent, shall he* 
significant. l}ie*n it will only ]*e*quire; twelve re^petitiems. 

If the erj’or e>f experiment is 15 pe*rce*iit.. tlie nnnihe^i’e)f 
1 (petit-ions revpiired will, for a 5 jie*!* cent, dilteronce* t,o he 
signilieaut, be seventy-two experiments : or if a 10 per cent. 
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diifereiioe is to be observed, it will require only IS rejxditions. 
Similarl 3 % pro))iil)h? (Mtoi- of on<^ t-xperiuient is 2n per eeut ., 

then tor a o per cent. dillereiK-e to havt^ a 10:1 piohahilit \ ol 
si^Jiiheance, it- will require 128 repelitions, or i'oi* a lO ])(U* e^eiL 
diller(*ner*, ihirty-l wo ivpetiticuis. 

The following table sliows thesr results in a. eruiveuicuit rorui 
The calculations on which the h^nres depend iuivt' been Ijased un 
the method giv^eii hy Professor Wood/' 


ITocision desirecl in, 
percentage diiierenee 
between averajjje 
yields. 


Xumber ot plots 
requirefl when 
dir<^(*lion ol 
diiierenee is 
know)! to )»♦' 
om* way onl\, 


.Nnmlan* of plot^ 
f(‘qni^^Mi udieu 
dir<‘elin 71 oi’ 
ditfoiviu'M [s 
not kie.'WM. 


(a) u'hf^H prohdhlc errn}' of o>ir r vpro ioieiii es / ? per rcu^ 

2t I d 5 

10 12 ! 18 

d It; i 72 

ib) ir/im jjiiibffble t'rror of n,tr i-.rjwrnoeiil m per fee.' 

2t.) ; 5 7 

10 : bS 20 

5 . I 

I 

(c) when probable o ro)- of one rxprrimoit /JO per rent, 

20 8 ! 13 

I I 

10 : 32 ! r.o 

j 

O 128 200 


Kxperiinenl.s of the kind reh*rred f,o ina\ hr eondufted (etlier 
within th(‘limit of ex})eri)uent. .stations oj- upon fields on <\statcjt 
subjec't to general estate eonditions. In the lirst (^asi* a ;j.'reater 
decree of ae(*in*ac*y will la* iihlalnahle hee.anst* of tile elos(.*r eonlrol 
that (an he exereised, Whih‘(‘xperiinenls condu(‘t(‘d on estates 
doubtless invoh e a hir<j:;(*r proliable error for any one t‘\[)eriinent, 
it should be remembered tliat they are to a laru'e »s\tenl 
eondxKited by the planters t hemselves, «*.xpei‘iinent st:it ion \\'ork<*rs 
niei'ely assistiui; ; thus llie individual plant(*r takes a y^ivalei 
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interest in the work and is more readily impressed by the results. 
Hence the sacrifice of a certain degree of accuracy is counter¬ 
balanced, it is thought, by the increased practical value of, and 
effect produced by, the results. 

The figures given above clearh’ indicate that if we are 
satisfied with a 10:1 chance iliat the difiPerences referred to are 
significant, the results ol)tained in manurial experiments of the 
class under consideration may be depended upon and be regarded 
as of sound practical value. 


[Pages 149-^234 issued 28th April 1916.] 



WEST INDIAN COTTON OONPBRENOE, 

1916 . 


Circumstances have for some time marie it desirable to liold 
a meeting of cotton growers and experiment station workers in 
the West Indies. Tlie industry after tlie. outbreak of war, 
suffered a considerable shock, which, happil}:, was merely 
temporary but nevertheless unsettling in certain (juarteis : 
a tendency was shown to give up cotton for other c;rops like 
sugar, and complaints were heard concerning the marketing of 
cotton. Apart from these economic and commei’cial matters, 
there has been for some time need for consultation between 
experiment station workers witli a view to a bettor under¬ 
standing of the methods employed and the mannei* of expressing 
them, especially in the light of W. L. Balls’ research in Egypt. 
Then again troubles as regards disease have cropped up in some 
places requiring consultations between scientific officei*s and 
cotton growers. These questions it was tliouglit might be 
successfully dealt with, at a conference of practi(?al growers and 
experts. 

Arrangements liaving been concluded foi* holding a Confer¬ 
ence in St. Kitts, tlie Agricultural Officers and representative 
planters of the cotton-growing islands working in conjunction 
with the Imperial Department of Agrieulture, arrivetl in that 
fsland by steamer on Monday, March ill, llllb. 

The first session began at 2 p.m., on the same day. Old 
Government House having been placed by the authorities at 
the service of the delegates. 

The session was formally opened by His Honour Major 
J. A. Burdon, C.M.G., the Administrator of the Presidency ; the 
T. .E. Fell, Colonial Secretary of Barbados, was also 
present. 
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The list of delegates is as follows;— 

St, Vincent. 

C. S. Harlaud, Esq., B.So., Assistant Agricultural Superin¬ 
tendent. 

Leewabd Islands. 

H. A. Tempaiiy, Esq., D.Sc, etc.. Government Chemist and 
Superintendent of Agriculture. 

Montserrat. 

W. Robson, Ecq., Curator, Botanic Station ; K. P. 
Pencheon, Esq,, and W. S. Howes, Esq. 

Antigua. 

T. Jackson, Esq., Curator, Botanic Station ; lion. 
R. L. Warneford, and Captain J. T. Dew. 

Barbuda. 

G. Sutherland, Esq., Government Manager, 

Nevis. 

W. I. Howell, Esq., Agricultural Instructor; Hon. J. S. 
Hollings, J. O. Maloney, Esq., and J. Sampson, Esq. 

St. Kitts. 

F. R. Shepherd, Esq., Ajrricultural Superintendent; A. O. 
Thurston, Esq., J. K. Yearwood, Esq., and A. M. Reid, 
Esq. 

Anguilla. 

Carter Rey, Esq., (absent owing to indisposition). 

Imperial Department of Agriculture for 
THE West Indies. 

The officers of the Imperial Department of Agriculture 
present were — 

The Imperial Commissioner of Agriculture (Hon. Francis Watl-s, 
C.M.G., D.Sc., F.LC., F.C.S., President of the Conference); 

The Scientific Assistant (W. R. Dunlop, Esq., Honorary Secre¬ 
tary to the Conference); 

The Entomologist (H. A. Ballou, Esq., M.Sc.), and 
The Mycologist (W. Nowell, Esq , D.LC.). 

His Honour Major Burdon, in opening the proceeding.'^, 
oflered an expression of welcome to the delegates from the 
neighbouring islands. After referring to the favourable circum¬ 
stances which had enabled the Colonial Secretary of Barbados 
to be present, His Honour proceeded to point out the value of 
the Conference about to be opened. As regards the benefit to 
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derived, His Honour said that this might be considered under 
two heads : the scientific, and the social value. His Honour con¬ 
sidered it of great importance that such conferences should be 
held and that administrative officers, like himself, should have 
the opportunity of meeting and learning from planters and 
experts, the principles underlying important industries such as 
that of cotton growing. The social value of the Conference, His 
Honour said, lay in the fact that it enabled one to gain personal 
knowledge of other colonies, to make friendships which last, and 
to bring about a better understanding generally. His Honour 
hoped that that might be one of the results of the present con¬ 
ference. His Honour then declared the Conference opened and 
asked Dr. Watts to take the Presidental chair. 

In replying, Dr. Watts expressed his cordial thanks for the 
very hearty welcome which had been given to the delegates who 
had assembled there to-day from the different colonies. Dr, 
Watts said that the idea of holding the present conference in 
St. Kitts had been received by His Honour and by everyone 
concerned witli enthusiasm, and he begged to express to the 
people of St. Kitts his very grateful thanks for the interest they 
had already manifested, and for all they proposed to do in regard 
to the suppiementary programme which liad been evolved for 
purposes of entertainmeiiu at the conclusion of each day's work, 

Pkesidektial Address. 

The President then read the following address 

Before wo proceed to the work that is before us, it is desirable 
that I should offer some explanation of the nature and purpose 
of our meeting. 

In tlui first place T wish to state that this mooting is not 
in the iiatiire of the General West Indian Agricultural Con¬ 
ferences which have been held from time to lime : it is more 
limited in its scope. It is the oulcoine of a desire on my i)art 
to call together for ernsultaiioii those interested in cotton pro¬ 
duction. who are closely linked together by the work of the 
Imperial Department of Agriculture: there are thus included 
the principal agricultural officers of the islands in wliich cotton 
growing forms an appreciable industry, and also leading represeii- 
tatives of the cotton growers. Thus asseinlded we should be well 
equipped for diseussing matters calculated to advance ilie 
industry and to add to the welfare of the coUon-producing colonies 
of the West Indies. 

I need hardly remind you of the fact that the revival of 
the West Indian cotton industry dates from about the year 1900, 
at which time sundry small experiments were in progress in 
connexion with the work of agricultural officers in Antigua and 
St. Kitts, notably the one at La Guerito in this island of 
St. Kitts, which attracted the attention of Mr. A. O. Thurston 
and led to liis venturing upon the cultivation of cotton growing 
upon commercial lines both in St. Kitts and Monsterrat—a pioneer 
effort productive of important results. Very soon the efforts to 
establish a cotton industry spread to other parts of the West 
Indies. 
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Malay ditiicullios were encountered which I need not at this 
.stage detail, seeing that you who are now met here to-day 
were largely instrumental in dealing with them. Suffice it to say, 
that hy the united efiorts ol* tlie several t*otti)Ji growers, supple¬ 
mented hy 1 he assistance given hy the Imperial Department of 
iXgiKaihure and the associated local Departments, together 
with the in valuable work rendered hy the Britisli (Cotton Grow¬ 
ing Association, an important industry has been built up. 

How important that industry is will be recognized when 
it is stilted llial the output of Sea Island cotton from the British 
West Indies during tlie past live yeai's lias been 10,320,750 lb., 
which taken at an average value of Is. 6d. per lb. is worth 
£771.057, or £154,811 a year. 


The output of Sea Island 

eotloii from the several British 

West Jndiaii islands during 
follows : — 

tlie past five years has been as 

Bariiados 

.. 2,180,032 11^. 

St. Vdiutent. 

. 2.110,0)13 ., 

Montserrat 

. 1,715,773 „ 

Aniigna 

St, kitts-Nevis 

587,605 „ 

St. Kitts 

1,806,284 

Nevis 

1,240,875 

Anguilla 

185,007 3,542,156 „ 

Virgin Islands... 

T ... 184,511 „ 


Nor must, we I'oiget that tlie efforts thus ojiginating in 
tlie British West, Indies Iniv<‘ stimulated tla^ iietivities of the 
planters in tlu^ iieiglihouring Danish, French and Dntcli colonies, 
and as a result, there has been a consirlerahle output from these 
islands, and material advantage is accruing to them. 

The importance of the eaitton industry to the individual 
islands tliemselves varies very g-ri'atly : in some islands (cotton is 
now the principal item of export, wliile in others it is relatively 
small in c'omparisou vvitli other business. 

Some difficuliy is experienced in ascertaining the exaett 
proportion wbieb tin* value of (‘otton bears \ o the total exports 
from each colony, dillieulties wbieb only those who have liad 
to make statistif^al ronipntations will appreiaate; but I have 
managed to elicit the following main points, wliieh 1 think 
fairly state the position. Seeing that the returns of any one 
year may present irregularities, due partly to climate and partly 
to the time of shipment in relation to tlie period for which returns 
are compiled, I liave, taken the mean figures of grouped periods of 
three years -a metliod of .satistical presentation which tends to 
smooth out irregularities, and to show matters in a truer light. 
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TABL.E I. 



Barbados. 

ANN DAD A'ADUE. 

St. Vincent. 

ANNUAD VALUE. 

Period. 

Total 

Expfnts. 

1 

I 

j (Cotton, 

Cotton 
per eent. 
on total. 

Total 

P]x j)Orts. 

( V)tton. 

i 

1 Cotton 
per cent, 
on total 

1905-7 

£ 

934,689 

£ 

12,193 

1-5 

£ i 

77,933 ' 

£ 

17,714 

23 0 

1906-8 

938,800 

36,982 

61 

90,920 

1 

21,837 

20*7 

1907-9 

923,840 

61,972 

6*7 

92,567 ; 

26,091 

29-3 

1908-10 

975,031 

16,118 1 

1-8 

91,872 ’ 

28,782 

30*3 

1909-11 

994,282 

13,389 , 

1 

M 

102,831 

32,817 

31*9 

1910-12 

1.060,ll(t 

35, 1 37 j 

3*3 

110,196 ' 

36,611 

333 

1011-1 

982.715 

30,683. ' 

3, 1 

115,170 

35,152 

30-1 

1012-11 

952,138 ! 

21,011 

i 

2*2 

112,227 

31,579 

28-1 



MoXTSKHRAr. 
ANNUA]. VALUK. 

Anthu A. 

\VNt\AI- VALU 

K. 

Period. 

Total 

Exports. 

Cot ton. 

Cot t on 
pc‘r «*rnt. 
iHi total 

3'otal . 
t^xporls. 

• t'otton 
Cotton per .'*ent 
'on total. 

1905-7 

£ 

27,125 

£ , 

9,121 i 

3.3 6 

£ 

122.0: IS 

£ ’ 
9,012 . 

7*1 

1906 8 

3i,8o9 

17,907 i 

49 5 

1 18,45:5 

, 12,308 

8-3 

1907-9 

37.352 

18,988 

50*8 

155,213 

11.237 

6 7 

1908-10 

37,090 

18,659 

50 3 

163.13,7 

: , 

4 2 

1909-11 

10,631 

22,091 

! 511 

1 

157,123 

1,815 

3 1 

1910-12 

41,125 

, 25,322 

1 1 

57*4 

1 

171,105 

5,432 

3*1 

1911-13 

15.131 

; 2t),790 

j 

59* 1 

157,750 

7.5t):> 

4*7 

1912-14 

38,005 

17,333 

15*(> 

156,170 

8,147 

l 

5 2 
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TABLS X—(Co9tc2tc({6c2.) 



St. Kitts-Nevis. 

ANNUAL VALUE. 

ViflGiN Islands. 

ANNUAL VALUE. 

Period. 

Total 

Exports. 

Cotton. 

Cotton 
per cent, 
on total. 

Total 

Exports. 

Cotton. 

Cotton 
per cent, 
on total; 

i 


£ 

1 

£ 


£ 

£ 


1905-7 

187,050 

24,580 

131 

5,596 

295 

5-3 

1906-8 

142,154 

31,489 

22-2 

6,287 

914 

14'5 

1907-9 

182,904 

32,013 

12-0 

6,873 

1,689 

24-6 

1908-10 

189,559 

28,792 

15-2 

7,118 

2,014 

28-3 

1909-11 

192,962 

36,129 

18-7 

1 

7,685 

2,383 

311 

1910-12 

194,800 

42,413 

21-8 

7,598 

2,457 

32-3 

1911-13 

194,111 

47,656 

240 

7,804 

2,637 

33-8 

1912-14 

188,447 

45,813 

24-3 

6,929 

1 2,228 

i 

321 


These figures plainly show that while cotton jDroduction is of 
comparatively small importance in comparison witli other indus¬ 
tries in some of the islands, as in Barbados and Antigua, it is of 
very great importance to others, particularly to Montserrat and 
St, Vincent: in the former of those two islands the value of the 
exports of cotton is more than one-half of the value of the total 
exports, while in St. Vincent it is about one-third. The position 
as regards the Presidency of St, Kitts-Nevis is a little diraoult to 
state on account of the diverse conditions of the three islands 
comprised within the group. Speaking from general experience 
I may safely say that cotton growing is of fundamental impor¬ 
tance to Anguilla, and only in slightly less degree to Nevis, wdiile 
it represents about one-fifth of the total export value of the whole 
Presidency. It is clear, therefore, ifyat Montserrat, St. Vincent, 
and St. Kitts-Nevis, at least, cannot afford to neglect the claims 
of the cotton industry. 

In order to amplify the information already given, the follow¬ 
ing table shows the quantity of cotton shipped during each of the 
past seven ‘ crop years', that is to say, between October 1 of ono 
year and September 30 of the following, for each of the cotton- 
producing islands 






CROP years’. 
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Anguilla ... ... 49,320 13,400 148 595 97,142 112,138 04,372 33.750 

Virgin hlands .. 42,011 23,139 50,337 43 003 31,775 28,035 31,361 



These observations will be augmented by tbe statements 
which will be laid before you by the agriqultural oflBoers of the 
various colonies. 

During the past fifteen years we have built up a considerable 
and useful amount of knowledge relating to the cotton industry, 
having educated ourselves concerning the metliod of cultivation, 
tlie control of j)ests and diseases, in understanding the nature of 
the different (jualities of cotton, and in methods of seed selection 
so as to ensure the cultivation of the most useful kinds ; and have 
learned much coiicei-niiig the commerce of Sea Island cotton. 
There still, however, remain a great number of problems to con¬ 
sider, and difKciilties to be surmounted before we can regard the 
cotton industry as in a thoroughly satisfactory position. Many 
of these matters will form the subject of our discussions during 
the coming week, and 1 am confident that marked benefit will 
accrue from tliese deli})erations. 

It is a remarkable fact, which I think I am correct in saying 
has been observed in all the cotton-growing islands, that the 
yields of cotton per acre obtained in the first few years of the 
re-established industry ^vere considerably greater than those 
obtained during the last live. This circumstance is so widely 
noticed that it calls for comment, and I hope that in tlie course of 
our deliberations such light may he thrown upon it that it may 
be explained, and the falling off in yield may be arrested. 

Without attempting at this stage to discuss the underlying 
causes, I may suggest that an explanation may he sought along 
the following lines. Possibly when the industry was first intro¬ 
duced there was freedom from pests and diseases which, with the 
extension of the crop, have increased in such a manner as to 
impose serious cliecks upon output ; or there may have been 
deterioration in the vigour of the cotton plants so that smaller 
yields are obtained ; or there may he some falling off in the fer¬ 
tility of the land upon which the crop is grown ; or finally, there 
may have been a succession of unpropitioiis seasons so that poor 
crops resulted. It may l)e that all tht^sc factors are at work, and 
that some may predominate in one place and others in another. 

As one of the results of tliis meeting I hope we shall be able 
to give greater precision to tlie work that is* going steadily on in 
these islands in the direction of niaintainiiig and, as far as 
possible, improving the character of the cotton produced in each 
island. 

In the past our work in this direction has been greatly 
hampered by the fact that the requirements of the user of the 
cotton are not full}" understood by ns, and that our efforts to 
understand his requirements, and indeed his efforts to understand 
them himself, have been seriously liampered by tlie very imper¬ 
fect way in wdiicli lie has expressed liimself ; terms are used in 
describing cotton which do not liave the meaning commonly 
attachcul to them in an ordinary way. Thus, for instance, 
Mr. J.'W. McConnel, the Vice-Chairman of the Fine Spinners and 
Doublers’ Association, wTote : ‘ language is not definite enough to 
express wants. “ Silkiness ” and “ closeness ” convey no clear 
idea to a grower Differences of colour can hardly be described in 
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words. Even fineness of staple in spinners’ language does noi 
necessarily claim that the fibre woula be measurably of smaller 
diameter. Strength again is to a spinner only important as 
implying that the yarn would be strong which would probaidy 
be more dependent on other qualities, such as those which cause 
the fibres to bind together inttj a uniform thread, than 
on the intrinsic strength of fibre.’ (West Indian Bulletin, 
Vol. XIV, p. 127.) 

Fortunately, very (jonsideral)le advance has been made 
of late in the direction of clearing up these difficulties, 
notably by the i*esearches of Mr. W. 1^. Balls, to whose work 
frequent referciKje will be made in the course of our discussions. 
Amongst other things Mr. Balls has shown that the great 
desideratum in cotton is uniformity in its clieracters : t hus, for 
example, he states that a sample of lint vvliich consists of fibres of 
only moderate strength amongst wJiich there is a small quantity 
of quite strong fibres, so far from being improved by the presence 
of the modicum of stromg lint-, is actually impaired tliereby and 
spins a weaker yarn than a sample consisting of lint of the 
strength of the moderately strong fibres only. And similarly, 
iiTegularity of othei* characters dep7*e(iiates the cjuality of the 
sample of cotton below the grade of its poewer units. 

These facts indicate impoi*tant lines of work ; they also show 
the great need for obtaining the record of the actual spinning 
quality of our various grades of cotton : we have been fortunate in 
securing the help of the Fine Hpijiners to give us this information 
in certain cases wliere experiments are in progress; it will be of 
great service if this .assistance can be continued and ext ended, and 
it would prove of much service if we (^ould obtain evidence from 
the spinner himself as to the working (piality of our enttons. 
Fortunately, from the great interest taken in our (a)tton by 
Mr. K. L. Oliver and Mr. John McConnel, that information is 
available in s<mie instances. 

It will be useful if W(‘ ende.avoiir to ascertain what is the 
present position of tlie 8ea Island cotton industry and what are 
Its future prospetds. 

When the war broke out trade in relation to line cotton 
was dull, and spinmn-s were s.aid to be well supplied with raw 
material ; some difficulty was, therefore, anticipated in disposing 
of the West Indian (U'op, and special steps were taken, through 
the medium of tlie Britisli Cotton Growing Association to ensure 
its sale, and an undertaking was obtained from the Fine Spinners 
and Douhlers’ Association to piir(*hase all lot s of cotton pnxiuced 
in the ia’ 0 [> of 1915, provided that the grower undertook to enter 
into an engagement- to sell to them the whole (»f his croj) of that 
season ; prices were fixed for the. (juahty of cotton [produced in each 
island, thougli. as you are aware. 1 made active elforts to secure 
that the price should be tixed on the basis of type samples 
irres{)ective of geographical considerations, and I gather that this 
was done to some extent. 

There is no dcubt that this move gave incro.ased stalnliiy to 
the cotton industry in these island-'’ during the past season and 
was distinctly helpful, though some planters did not take advan- 



244 


tage of the arrangement, a course they were quite justified in 
following, for there was no desire on the part of the Fine Spinners 
and Doublers to press these arraiigemonta on the growers. 

During the last few mont-lis the position of the Sea Island 
cotton market has strengthened in favour of the growers, and 
fine cotton is now in greater demand tlian was anticipated would 
be the case. The prosj^ects are, therefore, that prices will bo 
firmer during the coining season. 

But there are other circumstances of a fundamental charac¬ 
ter which lead to the supposition that the position cf Sea Island 
cotton will improve, so far as these islands are concerned. 
According to the statements of comjietent authorities, it would 
appear that the production of higli cpiality of Sea Island cotton 
in the United States is falling off. Low prices and slow markets 
have led to relaxation of effort in the production of seed of fine 
quality, so that the character of the product is said to have deteri¬ 
orated of late years, and with low prices for cotton, and the 
increase of prices for many otlior agricuh in al products, there 
is a tendency for cotton growei*s to turji to other crops. 
Added 1o this it is anticipated that the ^h^xiean Cotton 
Boll Weevil will, steadily but. surely, invade the Sea Island 
cotton belt and render the production of line (cot ton unremtmer- 
ative. 

These facts tend to assure the West Indian cotton grower 
an unprecedented measure of safety in the near future. The 
present time is, therefore, opporliiiie for us to take all tbe meas¬ 
ures that may be available to j>ut our industry on tlio soundest, 
possible basis, and tliis is one of the main ohjeers witli which 
this meeting is called togetlier. 1 do not pr(^2)ose at this stage 
to discuss any details concerning this, but to reserve such inattors 
for deliberation during our session. 

There are many matters eoniiected with the commerce of 
cotton which require careful cton.^ideration. Thes(^ will he brouglit 
forward in due course ; iuit in this connexion it occurs to me to 
suggest that the present is a highly opportune lime for enquiring 
whether it may not be possible to establish i*elations with the huy* 
ers of fine cotton which, wliile securing them a safe supply of cotton 
of the quality which they i*eqnii*e, may at the same time put the 
grower in a better position and enable liiiii to dispose of liis crops 
promptly, and at reasonable prices. Here again I refrain from 
any discussion of details at this stage, seeing that the matter 
will come before us for full discussion during our meeting. 

We can )iow proceed with the Imsiiiess for which we are 
assembled, and I trust that the results of our deliberations will 
fully jiistif}^ the exei't.ions you have made to he present, and the 
time you are expending upon the work in hand. 

At the conclusion of this address, lion. J. S. Hollings pro¬ 
posed a vote of thanks to the President for tlie valuable and in¬ 
teresting information that had ])eeii placed before the Conference, 
and also for his efibrts in getting together the Conference. 

Mr. J. O. Maloney (Nevis) seconded the motion, which was 
carried by unanimous expression of assent. 
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Mr. F. R. Shepherd (SL Kitfcs) stated that he had to offer 
an excuse for the absence of Mr. Carter Rey, the delegate from 
Anguilla, who was unavoidably prevented from attending the 
Conference. 

Tfio President said he greatly regretted the al}sence of Mr. 
Rey. Mr. Roy Ijad played a vnry prominent part and liul been 
a very important lignrc in t)i<^ development of Anguilla from 
a position of extreme poverty to one of comparatively satis¬ 
factory agri('ultLii*al prosperity. Anguilla, wliich had formerly 
been a great source of anxn'ty to the Administration of this 
Presidenc^^ was iu>w one of I lie satisfactory parts of the domain, 
due [)rineipally to the developineufc of a peasant’s cotton industry 
largely through the ollorts of Mr. Carter Rey. 

The President then made reference to the provisional 
agenda wliich had been placed in tlie liaxids of each delegate, and 
which appears below ;— 

Pbovisionml Agenda, 

Monday. Opening of C«»nference and general statement of 
objects. 

Si.alements by Agricultural OUb'crs of the general 
position <»f the cotton iiulustry in their res- 
p»‘cti\a‘ irhinds (luring recent years. 

Statements eon('.ei*ning the steps that liave been 
taken in each island to maintain and improve 
tlie (jiiality of tlie cotton j)ro(luced. 

Tuesday. The melliods »*inpJoyed in ascertaining thechar- 
acu'i's of ct)t(on, with a view to determining 
\\'}iat methods are he.sl for general adoption, 
togetljer witli a con.^ifl(‘ration of tlie vorlv of 
Mr. W. L. Balls. 

The metliods of seed .seleetion and of seed supply. 

Pests and diseases of cotton and their control. 

Wn’sday. Tin* (piostion of destroying cotton bush by 
burning. 

The (Miltivation and manuring of cotton. 

Thursday. The (■ommerf*^ of Colton. 

Discussion coneorniiig the methods best calculated 
to seemv rea.sona)>le prices for (a)tton, liaving 
rcgai-d to the cirenmstanees of i)roductiou 
and of eonsuinplion. 

Diffjradties that have beem experienced in the past 
in counexit)!! with the sale of cotton. 

Friday. (Mttun seed, cotton seed oil, and cotton seed meal 
and cake. Dis(‘U.s.si()n concerning uses and 
possible local applications of these com¬ 
modities. 

Reporting ‘ Croj - year 

Tho President pointed out that this was to bo considered 
provisional only, subject to modiheation as the discussions 
proceeded. 
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The matter then dealt with was a general statement as to 
the position of the cotton industry in the several West Indian 
islands. The President suggested that before entering on any 
discussion of the condition of the cotton industry of any 
particular island, it might be well if all the statements were read 
lirst so that comparison might then bo made, thereby tending to 
make the discussion more, fertile. ^ 

At the retjuest of the President, Mr. F. U. SHErilEHU (St. 
Kitts) read the following statement (concerning tlieindustiy in 
the Presidency of St. Kitts-Nevis :— 

The Cojton Industry in St. Kitts-Nevfs. 

In the West Indian Bulletin, Vol. XTII, p. Jl, an account is 
given of the progress of the cotton industry in St;. Kitts-Nevis 
up to January 1912, and the following notes have been compiled 
to bring the account up to date, January 19M). 


The area planted in cotton in the Presid(mey during tin; 
seasons 1912-lo, 1913-14, 1914-15, and 1915-1 (>. was as hdlows :— 



1911-12. 

1912-13. 

1913-11. 

1911-15. 


Acres. 

Acres. 

Acres. 

Acres. 

St. Kitts 

J.fiott 


2.000 

2.0(M) 

Nevis 

2.000 

2,500 

2.500 

2.500 

Anguilla 

l.oito 

1,600 

1,000 

1,000 

1\>tal 

4,050 

5.500 

5,50h 

5..700 

The amount of (*otton lint ' 

exported froi 

11 tlie Presidency 

during the 

‘ (;ro]) years 

’ stated, was as fnllews 



1911-12. 

] 912-13, 

1913 1 i. 

1914-15. 


H). 

lb. 

lb. 

lb. 

St. Kitts 

382,108 

374.594 

372,633 

397,507 

Nevis 

1fi5,:J29 

166,477 

208,520 

305.151 

Anguilla 

i)7,142 

112.138 

94,372 

33.750 

Total 

594,639 

653,209 

735,525 

730,471 


Owing to the low price of sugar in 1913. the acreage under 
cotton was increased both in St. Kitts and Nevis. In St. Kitts the 
return of lint per acre was, on the whole, satisfactory, and prices 
ranged from Is. fid. to l.s*. 8d. per Hr lint, the quality and line- 
ness of the lint being specially reported on. 

In 1914 the area planted in St. Kitts was abrnit the same, 
but owing to unfavourable climatic conditions the yield per 
acre was not so good, the average not exceeding IfiU lb. lint per 
acre. 
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The quality of the cotton was however excellent, and prices 
ranged from Is. S'/, to Is. lOJd. per Ib. lint. 

The season oC 10 lo was again unfavourable, and the outbreak 
of the war at end of JiUl considerably aheeted the cotton 
market and it was feared that there would be no sale at any 
pricje. 

The visit of the late Mr. J. \j. Fonda, agent for the Fine 
Ootton Spinners' Assoeiation, at end of 1014 did a great deal to 
restore eontidenee in t he iriiuds of growers. As a result of this 
visit and tbit inter(‘st taken in the industry by the British Cotton 
(frowing A.^^soeiatien, a guaranteed mininunn price of Is. 

})er 11). lint, was ofiered by the Fine Cotton Spinners for good 
quality St. Kitts eottcui, and l.s. 2d. for cotton from the other 
islands. 'I'liis somewhat restored confkleiuje, but tiie acreage 
plant( m 1 in each island was reduced b)' oO per cent. 

The cotton season just past was a most unfavourable one in 
St. Kitts, especially in the northern district, owing to the 
excessive rainfall, and the average yield per acre will be the 
lowest on 1 ‘eeord. 

In St. Kitts tlie f!otton industry, althongli adverseh^ affected 
by the war, is still in a sound condition, and it is probable that 
t‘ven witli t4ie present liigli price for sugar, the acreage under 
cotton will ]>e increased in the coming season to almost the 
normal amount. 

44ie (‘oltoii woi’in Jind oilier pe.sts have been in evidence 
during the season under review', Imt no serious damage has 
resulted from their at.tai*ks. In 1911 there was sinne considerable 
ironl)l(‘ in certain districts caused by the * erinkling ’ or * curling ’ 
of the eotlon leav(‘S. which rcduet*d the yield of cotton. This 
seems to ha\ l)t‘en due to ahnormal climatii* ejnditions and has 
not caused any loss during llie past st'ason. 

l^he same two ginneries have conliiuied to w'ork, one at 
S[)oon(a's. with an oil faetoi-y. and llie otlier at Stone Fort 

(‘State. 

An Ordinance was passi‘d by tin* local (foverninenl in 1915 
oompelling all ginneritvs to mark, in l(‘gible letters on each bale 
of (‘ot.ton ginm‘d. (he iianu* of the island in wliieh the cotton 
was grown. 

Manurial expiM’iments with cotton have lieen continued at 
the Experiment. Station at l^a Om‘rite. St. Kitts, on similar 
lilies as in ea(4i pi(‘vious year, and reports on thes(‘ iiave been 
regularly publisluni in tJH‘ Annual Reports of t lie Botanic and 
Experiment Stations, St. Kitts-Nevis. 

Seed selection experiments have also been most successfully 
carried on at La Guerite during the season under review, and 
a pedigr(‘e strain of cotton most suitable for local conditions has 
been produced by means of these exjieriinents. 

Nevis. 

In Nevis, in the years 1912 and lULl, owing to very severe 
attacks of the cotton worm and advex'se weather conditions, the 
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yield of cotton per acre was very low, averaging not more than 
SO lb. lint per acre. 

This was the more niifortiiiiate as about 40 per cent, of the 
cultivation was in tlie hands of peasants who did not have tho 
means at liand of dealing with the worm. In order to prevent 
a recurrence of this, a supply of Paris green and lime was 
stocked in Nevis by tlie local Government, which was sold to 
the small growers at cost and charges, and in special cases of 
indigence, these articles were supplied without repayment, an 
agreement being signed to pay on tho reaping of the cotton. 
This arrangement has worked well for the past two years. 

The season of 1914 was more favourable, the average return 
of lint being o.bont 120 lb. per aere. This was also of excellent 
quality and sold for prices ranging from 18r/. to 19(Z. per lb. lint. 

These good results encouraged tho peasantry to keep up the 
acreage under cultivation, but with another unfavourable 
season, and the bad marketing conditions caused by the war, 
the outlook, especially among the small groweis became very 
serious. The price olitained locally for their seed-cotton was 
very small, owing tq the uncertainty of tho sale of the lint, and 
this, added to tlie low return per aca-e, tended to prevent their 
planting to any extent in the past season. 

After the guaranteed minimum pric'e of l.s*. 2d. was ollered 
by the Fine Spinners an attempt was made to induce the small 
growers to increase their area ; and to insure them a fair priee 
for the sced-cotton, an ngreement was entered into with a local 
purchaser in St. Kitts ly whicli the seed-cotton was houghl at 
a first poyment of 5c. per lb. and a small shai (‘ given in the 
profits at the end of the season. 

This scheme (‘iimo however too late in the season to have 
much effect on the plantings, and at the present time llu‘, 
condition of the cotton industry in Nevis, esf)ecially among the 
small growers, is a serious one and deserving of prompt attention. 
With the prospect of better pi*ice.s for cotton in the neaj-futiii-(‘ 
Uie peasant will b(" anxious to ]jiit in an inci’(‘ased acreage, but 
there is the need of some deliiiile assurance that he can dispose 
of his seed-cotton on fair and liberal terms, and not he su})jf‘ct to 
the mercy of local purcha.sers who are buying on speculation. 
The only remedy for this is the formation of a scheme, if possible, 
on the part of the Government, for purchasing cotton on 
a co-operative basis, as is done in other islands : by this, c*onfi- 
dcnce will bo restored, and the industry will again fiourish. 

Several new ginneries have been erected in the season under 
review, one at Clarkes by Mr. Sampson, one at P"othergills by 
Mr. J. O. Maloney, and one at Symonds by Mr. Maynard. 
The Nevis Ginnery, Ltd., and that of Mr. H. C. Huggins in 
Charlestown, and the small ginnery at liichmond Lodge tho 
property of Mr. E. Williams, have continued to w^ork. 

To encourage the planting of best cotton seed the local 
Department of Agriculture has each year purchased a supply 
of the best local seed obtainable, selected and disinfected it, and 
aold it tp small growers at a low price to indiioo them to use it. 
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This system has had a marked bearing on the condition of the 
peasants’ plots and quality of cotton. 

Anguilla. 

In Anguilla, during the season under review, the first year, 
1912, was an unfortunate one, as the young cotton sullered 
severely from the attacks of small botith's. In 1913 the cotton 
crop was the largest on re(Joi*d, the average^ per acre being about 
129 lb. lint, and what this means in this small and rocky island 
can only be appreciated by visiting it. In 1913-11 the crop was 
fairly suceessful, averaging about 90 lb. lint per acre, but in 
1911-15 owing to tlie unfavourable weatlier the return was again 
very small. The conditions brought about by the war havo 
seriously cramp 'd the ellbrts of the small growers in Anguilla, 
and the cultivation in consequence has been greatly reduced. 

A. review or the industry in Anguilla would not be complete 
without special reference to the valuable work done by Mr. Carter 
Key, to whose efforts is due the Imildiiig up of tlie industry to the 
extent it has attained. With the help of loans from the local 
Government and the Kritish Cotton Growing Association, Mr, 
Key has establislied a system of purchasing vseed-cotton on 
a eo-opei’ative basis, which has been th<' chief means of keeping 
the indu.stry in a healthy condiMon in th^ past. i\Ir. Key has tlie 
entire eon{idtUH.*e of the pe.asautrv, and th(' terms on wliieh he 
purclia.ses tie* cotton iie.'et with the satisfaction of all coiicerued. 

The adv<*rs<‘ eomlitions caused by the war liavo been felt in 
this small island by all engaged in this industry, and it lias with* 
out doubt, reejeived a tem|>orarv s‘4-baek. I'be prospect of l^etter 
prices will howeviu* restore* (*onlideuee in the industry, which has 
been in the* past such a. boon to this 2 ‘)oe)r island, and any 
assistance* that ran be given of a tem).)orary nature by the 
Gov(*rjimeiit. or tlie British Cotton Gro\A'ing As«oeiatioii. would 
J am surr be only what this small industrions eoinmiinit}^ 
deserves at their liaiids. 

The Cimtral (iiniiery owiu‘il by Mr. Carter Rev is the only 
one ill the island, and liere all the cotton is ginned and shipped 
by Mr. Key under a special mark. 

Tin* Kiilo.siDKNT next ask(*d Mr. d;u*kson tc> read a similar 
statement in regard to Antigua and I^aibuda. 

KkVILW Ot’ TllK Co’I'J'OX IXDU^'TUY IX A.\TIUt:.\ AXI) B.arbuda. 

The following brief account of t he progress of the cotton 
industry in Antigua, and Barbinia, since the pufilieation of the 
last summary wliich appeared in the 11 Indini Bulletin, 
Vol. XIIr, ]). 11. brings the po.sition up to date. 

For the year 1912-13, SOO acres were planted under the crop 
in Antigua ainl 130 iu Barbuda, the total urea lor the Presidency 
tlius being 930 acres. In Antigua. loi.OOO It>. of lint were reaped, 
while in BaiKuda the exports amounted to 29,955 lb. of lint. For 
Antigua, Uie avxn*age return of 197 lb. of iiiit. per acre is the 
large.st ever recorded up to the present time. For the year 
1913-14 a total area of 1,152 acies was jdanted in Antigua and 
about 130 in Barbuda ; the total crop for tho two places amounted 
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to 160,000 5). of lint, the returns being, on the whole, less 
favourable than the two previous years, working out at an 
average of only 111 5). of lint per acre. In Barbuda the returns 
were inucli more satisfactory, and yields at the rate of over 200 5). 
of lint per acre were obtained. For the year 1914--15 the 
outbreak of war exercnsed considerable inllueiice on the area 
planted under the crop. In Antigua the late planting usually 
practised resulted in the* fact that at the time of the outbreak of 
hostilities comparatively little cotton had been planted. As 
a result, a considerable decrease in the area is seen, the total 
acreages in Antigua amounting to 770 acres, and in Barbuda to 
70 acres. The returns from this amounted to 91,250 5)., of which 
15.500 were from Barbuda. For the crop of 1915-16 about 
440 acres have been planted in Antigua and 70 acres in Barbuda. 
It is as yet too early to say wliat the complete return is likely to 
be from this acreage. 

During ilie four years under review, insect pests have not as 
a whole been characterized by any great severity, althougli they 
have been present in normal amounts. The ilower-bud maggot 
disease although present in each year has not been responsible 
for any very heavy losses. For the crop of 1918-14 considerable 
losses occurred owing to Hower and boll shedding in certain 
districts of Antigua. Prior to the outbreak of war the growing 
of cotton by peasants was increasing considerably in importance, 
but all of tiiese developments were brought to a standstill on the 
outbreak of hostilities. 

TABULAR SUMMARY SHOWING AUREAGK AND EXPORTS OF 


tlOlTON KHOJI 

ANTKJUA 

AND BARBUDA. 

Y ear. 

Acres. 

Total exports, 
lb. 

1912-13 

930 

168,953 

1913-14 

1,262 

160,190 

1914-15 

840 

80.750 


Systematic plant selection for seed supply has })een practised 
by the Agricultural Department in co-operation with the owner 
of Yepton estate since 1911, and this now constitutes the 
principal source of seed supply'. 

Since 1911 systematic plant selection for seed supply has 
also been carried on in Barbuda by the manager in eo-operatit)ii 
with the Agricultural Department. 

Mr. Robson was th<‘n requested to make a statement con¬ 
cerning the position in ]Montserrat. 

The Cotton Industry in Montserrat. 

Reviewing the facts in relation to the cotton industry in 
Montserrat since the season 1910-lJ, in which season a record 
crop of 197 lb. lint per acre on 2,050 acres was obtained, there was 
a series of three years, 1911-13 inclusive, when the return was 
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below the average for the fourteen years during which cotton 
has been grown. While making no claim that the distribution 
of the rainfall is the only factor to be considered in the produc¬ 
tion of a cotton crop, the Montserrat experience has been that an 
erratic rainfall has a direct effect on the output. The broad 
conclusion is readied, that the best returns can be looked for 
when rain falls ia increasing amounts during the four months 
succeeding the date of planting. Tliis is substantiated by the 
facts in connexion with the 1910-11 crop, and by the results ob¬ 
tained on a portion of the 1914 15 crop where early planting was 
adopted and the rainfall was satisfactory up till four months 
from planting, resulting on this area of a crop of well over 20011i. 
of lint per acre, while the average for the whole island, most of 
the area of which was planted later and sufiered from a dry 
August, was 10211). of lint. 

The area planted reached a maximum, in the season 1911-12, 
when 2,700 aci*es were put in, and since tliat time it has ranged 
from 2,000 to 2,350 acres, and is probably below 2,000 for the 
past season. 

No very I'adical changes have taken place in practice, in 
connexion with the indiiatry in recent years, excepting that 
tliere lias been a gradual change to earlier planting, the most 
of the growers now being advocates of April planting. Wheth¬ 
er April can be regarded as the optimum planting month in 
Montserrat, taking one year with another, remains to be seen; 
but April planted fields in the season just past- have given better 
returns than those planted later, witli what appears to be an 
equally satisfactory rainfall. There is no very general confidence 
in Montserrat in being able to secure an appreciable second crop, 
though in the season 1912 13 certain estates n.re stated to have 
made a larger second than first crop. In cases where a second 
crop is anticipated, there is a distinct advantage in adopting 
April planting, for the reason that the first or main crop is gath¬ 
ered by the end of Octolier, and the second crop from the same 
plants chiefly in December. The development of the second 
crop thus takes plaije before cotton stainers are found to become 
unduly numerous. 

The system of cultivation in cotton fields has not undergone 
any appreciable change. On the fight level lands, both the 
method of planting on the Hat and on banks is in \ ogue. Nor 
has any system of manuring developed excepting the application 
of pen manure. Cotton seed meal is only ap[)lied directl}^ as a 
manure to a limited area. The cultivation of a green dressing 
as a rotation crop is practised on a limited sirale. Kach season 
seems to emphasize the need for providing shelter for cotton 
fields, and in the past season high winds were particularly severe 
on exposed fields. It is now apparent that the 1915 16 crop will 
not be above the average, ev’cii thougli the distribution of 
the rainfall was eminently satisfactory. 

The cotton worm, the cotton ^tainer, and leaf-blister mite 
remain the outstanding insect pests. In th<> })ast season the 
control of the cotton worm has added enormously to the cost of 
the production of the crop, and it was present in cotton Helds 
from June to November. The position with regard to the cotton 
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Stainer is, that owing to early planting the first crop of cotton 
is as a rule obtained before the insects are sufficiently numerous 
to cause appreciable damage, but in cases where there is a devel¬ 
opment of second crop in the months of November and Decem¬ 
ber, a large proportion of this crop is more or less stained, and 
a percentage of the bolls damaged by the stainer may never 
open. The only method of suppressing the cotton stainer would 
Seem to be hand collecting when they first make their appearance 
in cotton fields in July, August or September. The leaf-blister 
mite is now cobsidereci of secondary importance as a cotton pest 
ill the island, and the early destruction of all old plants is the 
most effective means of control. 

While the average yield of cotton obtained in Montserrat in 
recent years may be considered to be fairly satisfactory, compar¬ 
ing the returns with those of other islands, there is evidently much 
room for improvement in the quality of the iint exported. It is 
however very satisfactory to record the degree of confidence that 
is placed in the work of selection carried on at the Experiment 
Station, and the hulk of the area planted in 1915-16 was a strain 
of seed which originated in the Experiment Station in 1909, viz., 
Heaton 9. The uniform character of the plants occupying the 
fields in IVlontserrat is a striking testimony to the care that has 
been taken by planters to keep this strain of seed unmixed, and 
that Montserrat is not yet exporting a higher priced cotton is due 
to the failure up to the present to secure a cotton of more value, 
by the Agricultural Department. A system of seed supply has 
been inaugurated in the present season which ought to maintain 
the quality of the seed used on estates to the highest limit. 

The cotton industry remains of vital interest to small cultiva¬ 
tors, and while the number of peasants growing cotton fluctuates 
from jT^ear to year, the cultivation of the crop continues to appeal 
to them, and is likely^ to do so. 

A Cotton Ordinance to enforce the dest ruction of old plants 
came into operation in 1915. In that year all old plants had to be 
destroyed by February 28, and no planting was allowed before 
March 20. For the present season the destruction of old plants 
was required at January 31, and planting can commence at 
March 15. 
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COrrON ACREAGE AND RETURNS IN MONTSERRAT. 



Acres planted. 

Quantity 
shipped, !b. 

Yield per acre 
in ft. 

1903-4 

700 

70,000 

100 

1904-5 

600 

70,723 

117 

1905-6 

770 

98,262 

127 

1908-7 

1 1,000 

162,615 

163 

1907-8 

i 2,100 

365,510 

' 174 

1008-9 

1 

f 

i 2,250 

224,711 1 

99 

1 

1909-10 

1,000 

235,507 

147 

1910-11 

1 

2,050 

404,753 

197 

1911-12 

2,700 

344,753 

128 

1912-13 

2.063 

292,182 

111 

1913-11 

2,200 

293,167 

133 

1914-15 

2,350 

380,923 

162 


The true av'erage yield over the whole period is thus 144*4 lb. 
of lint per acre. 

Ill the absence of IMi’. W. X. Sands, the following statement 
written by him was read by Mr. Harland, Assistant Agricultural 
Superintendent, St. Vincent, 

The Present Position of the Cotton Industry in 
St. Vincent, 

SEA ISLAND COTTON. 

The outbreak of war in 1914 led to a depressed condition in 
the Sea Island cotton market. At the commencement of the last 
planting season cotton growers in St. Vincent found that prices 
were low, freight and other charges high, and that only a small 
proportion of the 1914-15 crop had been sold. Notwithstanding 
that at this time the Fine Spinners and Doublers’ Association, 
througli the British Cotton Growing Association, agreed 
to purchase 'their 1915>16 crop at a price of not less than 
Is, (id, per Ib. for the lirst grade ‘ ordinary ’ white cotton, the 
unfavourable effect of the conditions mentioned above, combined 
with three adverse seasons in succession, caused growei*s to reduce 
the acreage planted, compared with the previous season. This 
reduction amounted to 40 per cent, in the case of estates, and 50 
per cent* in that of the peasantry. The average area of the 



annual plantings of the previous five years had been 4,200 acres, 
-whereas the actual acreage planted for the 1915-16 crop was 2,621 
acres, made up of 1,531 acres planted by estates, and 1,091 acres 
by small growers. 

The past season was again abnormal in that wet weather was 
experienced throughout it in most districts. The estimated 
output, therefore, will not exceed 500 bales of 360 Ib. each, made 
up of about 380 bales of white cotton, and 120 bales of ‘ stains 
The low mean yield of 68 lb. of lint per acre, and the high 
percentage, 31 per cent, of ‘ stains \ clearly show what a bad year 
planters experienced. 

In connexion with the unusually high percentage of ‘ stains’, 
it should be stated that this was due to the fact that the earlier 
formed bolls suffered severely from boll diseases such as angular 
spot (Bacterium malvacearurn) and anthracnose {Gloinerella 
gossypii), and the later ones from the internal boll disease 
associated with the attacks of the cotton stainer {Dysdercus 
delauneyi). 

The following table shows the acreage planted in Sea Island 
cotton in each of the past eleven seasons, the total yield of lint, 
and yield per acre :— 


Crop. 

Area 

planted, 

acres. 

j Weight 

1 of lint 

! in ft). 

Yield of lint 
per acre 
in Ib. 

1905-6 

790 

i 137,460 

174 

1906-7 

1,533 

268,275 

j 

175 

1907-8 

3.200 

432,000 

135 

1908-9 

3,000 

372,000 

124 

1909-10 

2,528 

356.139 

141 

1910-11 

3,587 

561,.526 

156 

1911-12 

5,068 

487,116 

96 

1912-13 

4,344 

428,032 • 

98 

1913-14 

3,768 

399,187 

106 

1914-15 

4,226 

307,440* 

73 

1915-16 

' 2,621 

180,000* 

68 


* Estimated, 

Average yield of lint per acre for eleven years, 122'Jb. 

The opinon is expressed that unless sufiicient inducement 
in the way of prices is held out to local growers of Sea Isla^ 
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cotton, the acreage may be still further reduced in the coming 
season and the land devoted to crops of a more reliable nature. 

MARIE GALANTE COTTON. 

This perennial type of cotton was grown exclusively in 
the Southern Grenadines. As was the case with the Sea 
Island variety, the crop of 1914-15 could not be sold for some 
months, but this was a fortunate circumstance as it happened, 
for in the meantime a shortage in the Egyptian and American 
crops became apparent, and prices for all classes of the lower 
grades of cotton were raised, including those for ‘ Marie 
Qalante \ When sales were made recently, the price realized was 
M, per 5). more than the valuation made at the end of 1914 and 
the beginning of 1915. Sales wore actually made at the rate of 
9d. per Bb. instead o^^ 6c?., the price expected. 

The area returned as cultivated in ‘ Marie Galante ’ cotton 
in the 1914-15 season was 1,260 aci‘es, and in 1915-16, 1,069 acres. 
This acreage, it should be mentioned, is not devoted exclusively to 
cotton, but with the cotton are grown other crops such as Indian 
corn, peas, and ground provisions. 

The average output is 150 bales of 360 lb. each, and althougli 
the present crop is not yet reaped, reports to hand indicate that 
it is up to the average. 

Prices for ‘ Marie Galante ’ cotton are still satisfactory and 
are likely to remain so for some time, so that the outlook for the 
coming season is hopeful. 

The estimated value of the Sea Island and ‘Marie 
Galante ’ cotton and cotton seed crops of the four seasons, 
1910-11 to 1913-14, was as follows : — 


Season. 

Estimated value. 


£ 

1910-11 

47.052 

1911-12 

44,014 

1912-10 

39,166 

1913-14 

37,127 


The value of the 1914-15 crop was not estimated owing to 
deferred sales and other circumstances, and it is found to be still 
more difficult to compute it for the present oi'op in the absence 
of sales, but it is put, provisionally, at £16,000, or less than half 
of the annual values shown above. 

At the conclusion of these statements the President observed 
that they gave a most interesting revi^ w of the general position 
of the cotton industry in the respective islands during recent 
years. It was to be noticed that the islands of Barbuda and 
Anguilla had been somewhat seriously affected by the war. The 
President called attention to an interesting point given by Mr. 
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Robson, in yield per aoro in regard to Montserrat, an island in 
whioh cotton growing was of the greatest economic importance. 
From the table contained in the President’s address it was to be seen 
that since 1900 tiio value of the cotton exported had been fully one- 
half, rising to nearly two-thirds of the value of the total exports 
from Montserrat. Mi*. Robson had given the conference a clear 
insight into what had taken place, and he (the President) thought 
the statement relating to tlie fluctuating yields from year to year 
was a matter of great importance which would have to be 
discussed in order tliat it might be ascertained what circum¬ 
stances led to these fluctuations. 

It was important to note that in St. Vincent, the yields were 
very much smaller than those in Montserrat. In the earlier 
years, yields in St. Vincent and Montserrat approximated closely, 
but in the last five years the yields in St. Vincent had been 
deplorably small, and last year, 1915-16, which was a very bad year 
indeed, Vincent had reaped not more than one-third the 
amount of cotton per acre that had been reaped in the earlier 
years, 19t)5-6. That was a very serious condition and required 
carelul consideration to discover what was at the bottom of it. 
The falling off in Montserrat, although marked, was not so great 
as ill the case of St. Vincent ; and as regards the falling off in 
St Vincent, the opinion had been expressed in the paper read by 
Mr. Harland, that unless steps were taken to ensure higher 
prices for cotton, tlie area planted would bo reduced further. 
The President thought and trusted that in the course of their 
deliberations the Conference would be able to make suggestions 
for satisfying both, namely securing inci*eased prices, and 
increasing tlie yield. 

At this point, the Pkesident suggested that the proceedings 
should be brought to a close until the next morning. It was 
arranged that in the meantime the statistics brought forward in 
the different statements read that afternoon should be extended 
and tabulated, particularly as regards yield per acre for each 
year in each Colony, in order to faciliate discussion the next day. 

Before the Conference finally adjourned, the Hon. T. E. Fell, 
Colonial Secretary, Barbados, made a felicitous speech in which 
he thanked His Honour tlie Administrator for the kind remarks 
he had made, and the people of St. Kitts generally for the warm 
welcome they had accorded liim. The speaker bad spent the 
greater part of his official life in a tropical country where 
xjonditions are vasth’' different to those in the West Indies. That 
country was Ashanti. It was tlierefore satisfactory to him to be 
able to have the present opportunity of gaining an insight into 
an organized industry carried on under very established coloi^ial 
conditions such as did not prevail in the country from which he 
had come. 

The Conference was then adjourned to the next day, Tuesday* 
March 14, at 10.30 a.m. 


The Conference was resumed the next day, Tuesday, March 
14, at 10.30 a.m. 

At the request of the President, Dr. H. A. Tempany dealt 
with the statistics relating to the exports of cottou and the yield 
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per acre brought before the Conference on the previous day. In 
relation to the returns from the whole Leeward Islands Colony, 
Dr, Tempany exhibited a diagram showing the total export of 
lint from each island for each year since 19U4. This showed that, 
as regards the total production of the Colony, there had been 
a steady rise up to the year 1907-8 and then a period of rapid 
decline, and then rapid recovery to the niaximnm output in 
1910-11. Prom that time there had been a sliglit drop followed 
by a recovery up to 1914-15. Referring next to fluctuation in 
the yield of lint per acre in each island, Dr. Tempany directed 
attention to a table of figures which had been prepared since the 
last meeting, and which w’as now placed before the Conference. 
This table is reproduced below 


AVERAGE LINT YIELDS PER ACRE, IN lb. 


Crop year. 

St. Vincent. 

0-1 

c 

cc 

-4-1 

5 

00 

S 

m 

1 

1 

; 30 

1 T* 

i > 

Antigua. 

1903-4 . 

• - 

100 

70 


55 

1904-5 . 

... 

117 

80 

40 

118 

1905-C . 

174 

127 

150 

80 

146 

1906-7 . 

175 

193 

110 

40 

100 

1907-8 . 

135 

174 

J30 

100 

73 

1908-9 . 

124 

99 

1 to 

100 

70 

1909-10 . 

141 

117 

200 

135 

159 

1910-11 

1 

159 

197 

215 

255 

170 

1911-12 . ...j 

96 

128 

194 

80 

1 

127 

1912-13 . 

i 

98 1 

Ml 

150 

60 i 

198 

1913-11 . 

106 1 

133 

170 

120 

127 

1914-15 . 

i 

73 j 

162 

180 

120 ; 

106 

1915-16 . 

68 




127 

Mean of averages ... 

122 ; 

144 

149 

95 ' 

121 


Reviewing the above figures, in the case of the Leeward 
Islands Colony, the speaker said that, first of all, in the case of 
the means of the averages at the bottom of the table, the highest 
St. Kitts, 149 tt>, lint per acre followed by Montserrat with 
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144 lb., then by Antigua 121 ft)., and Nevis 951b. Dealing with 
individual instances, it was pointed out that the position in St. 
Kitts was, on the whole, by far the most stably. Starting with 
a yield of from 70 to 80 lb., it rose to 150 R»., then dropped to 110 ft)., 
then rose to IHO ft)., then 140, then 200 ft). That might be called 
the primary pei iod. After that, St. Kitts seemed to have settled 
down to a period of years with a stead}" outturn of lint per acre, 
with the exception of 1910*11 onwards when there was very 
considerable drop followed by a period when the yield settled down 
to an average figure which did not fluctuate from year to year. 
In Nevis, the case was somewhat different. It had to be remembered 
that in St. Kitts the industry was almost entirely an estate 
industry ; in Nevis, cotton was, to a considerable extent, grown 
by tlie peasantry, and wherever a peasant industry existed, there 
were hound to be fluctuations. Moreover, in Nevis, seasonal 
cionditions appeared to fluctuate more considerably that in St. 
Kitts. It would be seen that the liighest return given by Nevis 
was 255 ft), lint per acre, in 1910-11. Dr. Tempany said he would 
especially like to call attention to that year, where throughout 
the West Indies, from 8t. Vincent to Nevis, the highest average 
return had been obtained. 

The speaker then observed that there were two important 
principles to be considered in relation to the return of lint per 
acre. The first was that, generally speaking, and apart from 
seasonal variation, the tendency had been, the smaller the yield 
per acre the larger the. total area cultivated. Tlie reason (;ould be 
seen in the circumstance that, under ordinary conditions tlie 
natural tendency was to put only those lands and those districts 
to which cotton is best suited under that crop; but with a 
continuation of favourable seasons and prices, there w’^ould be a 
tendency to bring under cultivation lands more or less unsuitable, 
and this would tend to bring down the average yield. Apart 
from this consideration, it liad to be remembered that the occur¬ 
rence of less favourable weather conditions would also tend to 
bring down yield per acre, and although in time that might be 
arrested through tfie exclusion of land in unfavourable districts, 
any effort in this direction would be more than counterbalanced 
b}’^ unpropitious weather. 

In relation to the areas under cotton in Antigua, Dr. 
Tempany remarked that in 1903-4 there had been about 500 
acres under cultivation, giving a yield of 55 lb. lint per acre ; in 
the following year, 1904*5, the actual area had not increased, but 
the return increased considerably, being at the rate of 118 lb. of 
lint per acre. In 1905 6 the area increased and the yield 
increased considerably too. In 1905-7 there had been a 
considerable increase in acreage, and tlie yield dropped to 100 ft), 
of lint per acre. Then during tlie next two or three years there 
had been a large increase in area; but the flower-bud maggot 
had come in and tlie yield dropped considerably, to 73 ft), per acre, 
and in the following year to 70 ft), per acre. In the next year, 
1909-10, the yield went up, since when the period had been one of 
gradual extension until 1914-15, when there w’ere 400 acres under 
cultivation, the yield coming down to 127 ft), of lint per acre, 
consequent on various conditions, the principal ones of which 



were seasonal, and the bringing into cultivation of some of the 
less favourably situated lands. 

The Hon. J. 8. Hoj.lings (Nevis) thought that probably the 
first two or three years* records for Nevis were not accurate. 
During tliose years he had on his own estates and on those with 
which he was associated, obtained comparatively high yields of 
lint per acre. He thought the Hgiires were due to a luistake in 
regard to the acreage of (cotton having been incorrectly stated, or 
to some of the cot too returns having been credited to St. Kitts. 

The Hon. L. Warnkpord (Antigua) (juestioned the fore¬ 
going and thought that, as in Antigua, it was the inclusion of 
estates giving very small yields in those years referred to by 
Mr. Holliugs which had brought down the average. 

The PRK’^IDHJNT said he thought the point was of interest, 
and that by excdiaiiging views it might be possible to arrive at 
a better understanding as to why tliese varying returns occurred, 

Mr. F. K. SnEPllKRn (wSt. Kibts) thought that the conditions 
had been more favoiirabh? during those years in Mr. Hollings’s dis¬ 
trict than in others. He agreed in ])rinciple with Mr. Warneford’s 
remarks and pointed out tliat in St. Kitts, for instance, cotton 
land situated under fav(»urabl(» conditions in the Basseterre 
district nearly alwa^^s gav(» a goofl average return of lint pei* 
a(^re, while, on ili(‘ otiier liand, in the Northern district, good 
yields could not he depended ii])un, and the fip:nies referring 
to this districit wiien taken in conjunction with those for the 
Basseterre disti’ict would always mean a reiluction in the 
average for the whok* island. Tiiis naturally held gt»od in every 
islaiut, and every elfort ought to he made to improve cultivation 
so as to obtain a higlier average yield. 

As regards liis (experience in Nevis, Mr. J. O. Malonrv 
stilted that he had always obtained saiisfaetory yields on his 
estate, which were eonsiderahly higher than the average given in 
the table already refem^d to at tlie beginning of the discussion. 
He considered that tlie low returns shown by tliose statistics 
were to be attributed to the iiK^lusion of the acreage planted by 
the peasant. A peasant., Mr. Maloney said, might niake a return 
of I acre in cotton when perliaps lie bad only J-acre. This 
tendency to exaggerate tJie area had the result' of bringing down 
the average as regards yield of lint per acre. 

Mr. W. UOHSON (Montsen at) stated that in that island the 
yield of cotton was very niu(di inliiienced hy the dislrilmtion of 
rainfall during Die four m >nths immediately following the date 
of planting. During the last, season the rainfall had 
been sati8fa(‘tory ; in spite of that, the yield of lint was 
going to be below Die avtu'ago. Tliat, lie could only attribute 
to high winds in the earl^^ part of the season, wliich had tlie 
effect of retarding the development of Die plants. He mentioned 
that in some placjes wliere there had l>een shelter, higli yields had 
been obtained. While wind was an important factor, he was of 
opinion that the distribution of rainfall was a greater one^ 
determining the yield of lint per acre. This was illustrated by the 
conditions and results of last season, when on the windward side 
of the island cotton was planted very early and the rainfall was 
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good up to four months after planting. The yield was at the 
rate of 200 fe. of lint per acre. On the leeward side, howev'er, the 
cotton was planted much later ; the rainfall was distributed 
only over three montlis, and then there was drought, the result 
being that the cotton fields sulTered in spite of their being 
situated in the more slieltered districts. The yield fell below 
150 Ib. of lint per acre, on the average. This instance showed 
clearly tliat rainfall was a more impoi tant factor than shelter, 
though it was important not to underestimate the effect of 
the latter. 

Mr. J. R. Ybarwood (St. Kitts) agreed with Mr. Robson 
in regard to his remarks concerning the need of slieltering cotton 
in Avindy districts. In Mr. Yoarwood’s district, on the windward 
coast, the yield obtained was always small and cotton was not 
planted at all unless there was every prospect of getting a good 
price for it. The smallness of the yield obtained was due almost 
entirely^ to the effect of wind. Mr. Yearwood had tried to 
establish wind-breaks of Guinea corn. His experience was that 
this would prove satisfactory for the purpose provided it was 
planted early enough to be sufficiently high to olTer shelter at 
the lime it was needed. Guinea corn grown as a wind-break 
should be planted before the cotton. 

The Hon. J. S. HolliNOS (Nevi.s) said that he had always 
noticed that the north wind seemed to have an especially 
deleterious effect on cotton, cau.sing the plants to wilt in a 
manner unobserv able und(^r the hottest siin. Therefore, if wind¬ 
breaks were to be encouraged, he suggested that they should be 
arranged for protecting the (;otton fioin the north. Reverting 
to a previous point coiiceniing the curves representing the 
fluctuations in the pi-oduction of cotton in the different islands of 
the Leeward group, he asked whether the cause of 1910-11 being 
such a successful year could be explained. 

Touching the lluet uations in yield in Antigua in late years as 
compared with eai-lier years, Dj*. Temi’ANY said there was 
arother point to be taken into consideration, and that Avas the 
difference in soil type. In Antigua about half the cotton cropAvas 
grown on calcareous soil. The character of that soil w'as that, 
Avhen heavy rains fell it be*(^ame A^ery stic^k}^ and hence in Antigua 
as also in Jkirbuda Avhere .similar soil existed, the effect of 
excessive rainfalls Avas seen more sharply than in the other islands 
where the soil Avas volcanic, and where there was also deep 
subsoil drainage. 

The President remarked that tliis raised an interesting 
point, and brought out the fact that there Avere two phases 
of harmfuliiess in respect of rainfall, namely^ shortage, and 
excess. 

Concerning the cause of fluctuations and decrease in the 
yield of lint per acre in the island of St. Vincent, Mr. Harland 
pointed out that the yd old of lint per a(;re in the first six years 
amounted to 150 lb., Avhile the yield for the last five only came to 
88 ft>. per acre. These figures he thought very significant, and 
regarded the break which occurred at 1910-11 especially so. 
Since 1910-11 the position of Sea Island cotton cultivation in 
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St. Vincent had become gradually worse, and he thought that a 
combination of factors had operated to produce that result. 
Though there had been a general falling off, Mr. Harland pointed 
out that some estates had produced consistently good yields the 
whole time. He thought that was due to good methods of culti¬ 
vation. As well as that those estates were generally well 
situated and protected from sti*ong winds. One of these con¬ 
sistently high-yielding estates had a natural wind-break of 
seaside grape. 

Turning to a consideration of tlio factors which liad operated 
atlversely on cotton production on the majority of estates, 
Mr. Harland referred iir.st to the frequency with wlikdi seed had 
been changed. This had not hoeii ;idv.iiit:igcous. Another feature 
whi(?h had tended to c-.auso fletcrioration had been tlu^ absence of 
any system of rotation iii Ht. Vincent, at least on tlie larger 
estates. In one or two instances wliere planters had endeavoured 
to follow a system of rotation better yields had been obtained. 
Mr. Harland knew of eases in wliich cotton bafl been grown for 
seven or eight ye;irs on tlui same land without any rotation, 
and instaiK^es where aiTowi*oot, the other staple crop, had 
been grown season after season on the same land for forty years. 
An important factor which interfered with t he production of 
high yields concerned the planting of cotton .seed in soil which 
had recently i‘eceived large (]nantilie.s of pen mainiie and other 
kinds of bulky vegetable matter. Such a soil was naturally 
unfavourable hu' the (‘stablishimuit of young plants, and in fact, 
much of tlie seed had failed to genninat*.‘ on land so improperly 
preparerl. This pivujtice was the cause of the lar*t that it was 
found necessary to do a lot of supplying (d' young plants. 

While the factors enumerated above had undoul^tedly had a 
bad effect upon cotton ])ro(luctioii, Mr Harland laid stress upon 
weather (‘oiiditions, part i(*ulaidy the flistrihutioii of rainfall. 13ut 
bethought all tlie ])oiuts he raised were important, and that an 
attempt should be made to disiuitangle them. 

In connexion with the subject of wdiid-breaks, Mr. 8. W. 
Howes (Montserrat) stated tliat some years ago he had tried an 
expej'iinent on the fdanting ()f permaiumt wind-breaks. White 
cedar {2\>(^ouia juntai)hylhi) was unsatisfactoiy since it was 
interfered with l)oth by stock and by people He had tried 
maneliineel which, for obvious j*easons. was found to be immune. 
The ti •ees throve' remarkably well, some attaining to a height of 
5 feet at tlie age of ti\'e oi* six yeai*s. Mr. Howes st ated that 
he sowed the seed niK'overed, leaving them to dry oii the ground. 
Ill course of time they heeame covered with soil and germinated. 
He planted Jiis cotton within 3 feet of the maneliineel wind-break. 

Mr. F. R. Shepherd (St. Kitts) then made reference to the 
wind-break on Canada estate in 8t. Kitts. The lower lands 
were protec-ted by seaside grape. The owner, ^Mr. Thurston, had 
also planted white cedar, whicdi had developed well. On this 
protected land very good yields of cotton were obtained, while on 
the upper fields the yields were smaller. 

The Hon. J. S. Hollings (Nevis) expressed agreement in 
regard to the use of white cedar as wind-breaks. He then re¬ 
ferred to what he regarded as the tendency of the wind coming 
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required ver}’^ little wind-break because the wind tended to rise 
above the ciotton plants. In regard to the rotation of crops with 
cotton, Mr. Hollings referred to the sweet potato as being one 
which was distinctly unsuitable. In his experience the planting 
of this crop between crops of cotton led tr) a gradually diminish¬ 
ing return of lint. 

The Hon. K. L. Warnkjkord (Antigua) stated that the only 
crop he could try as a i-otation crop with cotton v'^as sweet 
potatoes, and he found that it improved the yield of cotton. 

Mr. J. O. Maloney (Nevis) said it was his experience that the 
yield of cotton deteriorated when grown after potatoes unless 
the land was manured as soon as the potatoes had been reaped. 

Rc^verting to the (juestion of wind-breaks, the President 
said there seemed to be considerable difficulty in protecting 
sloping land. Where the land slopes from the sea, the efficiency 
of the shelter was reduced in proportion to the gradient. The 
President asked whether any one had made an attempt to plant 
terraced wind-breaks on mountain slopes. 

Mr. A. O. Thurston (St. Kitts) said ho had some sloping 
land at Canada, but where the wind-breaks were most required it 
was found very difficult to get them to grow sufficiently well to 
form any protection. These wind-breaks were white cedar trees, 
Mr. Thurston had also tried Guinea corn at intervals of 50 feet, 
and he thought they were of benefit, but they would not be 
effective planted at intervals of k'ss than 80feet. He had never 
tried any permanent wind-break other than white cedar. He 
had on his estate maiK'.hineel which protected the western 
side, but manchin«el would not grow to any extent far from the 
seashore. 

Mr. S. C. Harland (St. Vincent) stated that seaside grape 
only protectcHi cotton on flat land, and he knew of no case where 
wind-breaks were effective on rapid slopes; he thought that 
where the wind was heavy it would be necessary to protect the 
wind-breaks until they were fairly established. 

Mr. W. JlonsON (Montserrat) stated that in that island 
white cedar had been successfully used on the exposed windward 
estates. He believed it would be economical to plant them 
sufBcieutly close to afford shelter to cultivated plants, but he 
knew it was difficult to (*stablish a wind-break on land which had 
a rapid slope to the sea. 

Developing Mr. Harland s point, Mr. W. No WELL 
(Imperial Department of Agriculture) referred to the need of 
some earlier nurse plant to help the wind-breaks to get 
established. He pointed out that this would only be following 
Nature’s way in the regeneration of forests. Reverting to the 
(piestion of yield of lint per acre. Mr, Nowell stated that one of 
the most valuable points of tlie discussion so far had been the 
establishment of the fact that since cott' n growing was first 
started there had been no deterioration in the quality of the crop. 
The fact that some planters had obtained high yields in seasons 
when the average was very low, disposed of the idea that the seed 
itself or the plant itself was at fault. Mr. Nowell expressed the 
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opinion that the figures given in the table (reproduced at the 
beginning of this account of the discussion) were of no value as 
an index of the cotton plant. Because low yields of lint were 
obtained in certain districts in certain years, that was no (criterion 
as to the yielding capacity of the cotton plant, because the 
actual yield of lint might be alTected by the circumstances of 
the environment. Ttie most satisfactory way of calculating 
yield in regard to the cotton plant was to take the number 
of flowers that were produced. That would give an index to 
the inherent productivity of tiie plant, eacli flower being a 
potential boll. 

The President, in closing the discussion, said they had 
had a very valuable interchange of ideas on the subject of vary¬ 
ing yields in the various islands, and that more information had 
been elicted than he had expected. He had to admit that his 
own ideas had been somewhat altered, because previous to this 
discussion he had thought that there had been a tendency for the 
yield of cotton to decline in the various islands. That was not 
so, and the low averages which were shown by the figures were 
not due to any deterioration of tlie cotton plant but merely to the 
want of proper adjustment in the conditions of environment. 
As well, it had been clear that there had l>een no gmdually 
increasing effect of an injurious kind produced by pests and 
diseases. Tlie essential fact was that fluctuations in yield were 
largely due to iluctuations in climate. Some of these climatic 
conditions were beyond control, but a certain amount of control 
might he exercised by the use of wind-breaks, which had the effect 
not only of stopping the wind, but also of increasing the 
humidity of the air around the plant. It was the drying effect 
of the wind whi(*h was as harmful as its mechanical effect. That 
point had been brought out in the remark of Mr. Hollings, that 
certain winds w’ere more harmful than others. As regards 
recording these climatic! conditions wliich so gj*eatly affect the 
yield of lint, the President urged for more elaborate observations. 
In the ordinary way the rain-gauge was considered all the 
efjuipinent that was necessary on the ordinary estate, but it- was 
now becoming clear that wet and dry bulb thermometers for the 
determinatiem of humidity, and anemometers for the determina¬ 
tion of wind force w ore desirable. Tlie President referred to the 
necessity for i*egarding rainfall statistics a little iuore intelligent¬ 
ly ; it was not sufficient merely to record the rainfall, hut to 
record also the number of rainy days in order that tlie effective 
rainfall according to the well-knowm fornuda might be 
calculated. 

The President then introduced the next subject for discus¬ 
sion, namely the steps that Iiad been taken in each island to 
maintain and improve the quality of the cotton produced. 

Mr. F. K. Shepherd read the following statement in 
regard to St. Kitts ;— 

Seed Selection ok Cotton in St. Kittk 

Seed selection wdth cotton was started in St. Kitts at the 
Experiment Station at La Gnmate in the year IfiOI ; an account 
of this work appeared in the TVettt Indian Bulletin, VoL IX, p, 233. 
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This selection has been continued each year, and the result 
is, that at tlie present time there are eight numbers representing 
trees of pedigree strain, which are known as Nos. 205, 206, 208, 
217, 325, 342 (S), 416, and 120. 

All tlieso trees are plants selected in the field from the 
original Rivers’ seed, with the exception of No. 342 (8), which was 
selected from seed imported from Bai'bados in 1906, and known 
as Stirling. 

These eight pedigree plants have been grown continuously 
at La GueVite for the past nine years. In the first instance 
three or four of the seeds having lint with best characteristics 
for length, stiength and fineness, and from plants of great 
prodnclivity, were selected from each Jiiimher and were sown 
in a nursery in the ex}>erimeni. station. The cotton from these 
j:)lants was picked and kept separately and carefully examined 
at the Botanic Station, If the resulting lint came up to the 
standard, the seeds from each individual plant were planted out 
in the field, about j-aere to each plant, and the seeds from these 
plants were sold for planting purposes later oil. 

About two years ago, on the advdee of Mr. W. Nowell, the 
Mycologist of the Imperial Department of Agriculture, this sys¬ 
tem of selecting from three or four jjlants was dis(!ontinued, and 
the progeny row system nsed. This is explained, in the pamphlet. 
Cotton Cultivation in the West Judies, compiled by Mr. Nowell, 
and which is a most valuable book of reference on cotton. 

By this system foui* lows of about 200 holes of cotton are 
planted from seeds from in individual plant. When mature, 
selections are made from each low. and tlieii latc^r on after 
a more rigid 5:elc(.*tioii, these* are limitcvl to about tbrcf* or four 
trees, from wliieh the cotton is pic ked and kept sepai’ately in 
labelled bags fur examination in the Government Lalioratory, 
according to tl.c* methods laid down by tiie Superintendent of 
Agricultuie for the Leeward Islands, whicli aie fnlly recorded 
in the pamphlet. Cotton (hiitivatioii in the West Indies, p. 116. 

Fineness lias been a great feature iu the characters of St. 
Kitts cotton. This has hithei-to been judged by a standard ; but 
in this season the diameter of the lihres is being measured under 
the microscope, which will afford a more precise method of 
determining it. 

The seed from the plants carrying on the characteristics for 
which they w^ere selected is kept, and the following season four 
rows are again ])lanted for selection purposes, in this w^ay it is 
possible to weed out any imperfections and produce an almost 
pure strain of cotton, fiossessiiig the desired characteristics. Such 
a cotton I believe we have in No. 342 fS), whi(4i producjes lint of 
great length, strength and fineness, and also gives large returns 
per acre, as is evidenced in the past season when the 2 acres at 
La Guerite planted in seed from No. 342 gave 2,580 lb. seed-cotton, 
or a little over 300 lb. lint per acre. Without attempting to decry 
other strains of cotton, 1 can from my personal experience 
confidently recommend the seed from this strain for planting on 
large areas. 
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The lint from the other selected numbers also possesses the 
desired characteristics, and it is likely that the same excellent 
returns might be given by them if tried. 

As regards seed for planting in the coming season, there is 
a stock of about 2,000 lb. of seid from No. 812 and small lots from 
the other numbers for sale at La Guerito at 5 c. per Ib., selected, 
and I arn also in a position to recommend seed for planting 
grown from No. 842 in the same locality. 

From personal observation extending over a period of twelve 
years with cotton, I feel confident that the future of the industry 
depends almost entirely on proper seed selection. During the 
last season, on the plots at Jja Guerite the absence of ‘ rogues ’ 
was conspicuous, and the uniformity of growth together with the 
profuse bearing attracted the attention of practical cotton men 
from Barbados and Sl. Vincent, who inspected these plots. 

1 believe that with the addition of bee proof cages for rearing 
special pure strains of seed such as are recommended by Mr. 
Lawrence Balls in his hook on Raw Cotton, by proper seed 
selection wo can maintain and even improve tlie excellcjit quality 
of our St. Kitts cotton, wliich on the evidence of the late Mr, 
Fonda, no moan expert on cotton, was considered to be among 
the best in the world. 

Mr. T. Jackson next read the following statement in 
reference to Antigua :— 

A Note on the Methous AnorTEn in Antigua 
FOR Procuring Surplies of Cotton 
Seed for Planting Purposes. 

The rnetliods adopter] in Antigua to procure annual supplies 
of cotton seed have varied somewhat. This was to be expected 
when a biglil}^ specialized industry, such as the growing of Sea 
Island cotton was introduced. I'he foundation on wliieh the 
work in question was built, and on wliicli its success depends, 
was co-operation l)etween loca) planters and olheers of the 
Agi'icultural Department. The history oF seed supply and the 
selection of cotton plants must nec^essarily overlap, but as far 
as possible in tliese notes tlie two are kept distinct. 

The methods which were adopted early in tlio history of 
cotton growing to procure seeds are well known and need not be 
reiterated. It might be mentioned however, that in 1906 local 
seed was extensively used for planting purposes for the first 
time ill Antigua, and the seeds wore procured from estates that 
had produced cotton which in the open market had obtained 
the highest price. In this way a large (piantity was bought, 
which after oeing selected, disinfected and tested for germinating 
power, was distributed to growers. The selection consisted of 
eliminating the seeds possessing undesirable characters. Corro¬ 
sive sublimate was used for the disinfection, and no seed was 
distributed which germinated less than Sj per cent. Some 
12,700 K). was treated in this manner. 

About this time small quantities of seeds were distributed, 

which had been obtained fx'om plants selected in tho field for 
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desirable vegetative 6lMS»oters, and which in addition had the 
lint produced by them criti(3ally examined in the Laboratory. 
From this date seeds from selected strains of plants have increased 
yearly in quantity, until at the present time few plants are grown 
in Antigua tliat are not the progeny of a selection. 

The procedure adopted for the procuring of the annual seed 
supply is simple. The Directors of tlie Cotton Factory Company 
early in each year, in consultation with officers of the Agricultu¬ 
ral Department, decide which estates should provide seed for 
general planting purposes. The. estates selected have always 
co-operated with tlie Department and the Company, and as the 
latter possess the only ginnery in tlie island, the seed supply was 
wholly under control. It is almost needless to say that only 
estates on which plant selection has been performed for a consider¬ 
able period of time are chosen to supply the planting material. 

Since the year 1014 all the seeds that have been procured 
have been raised on Yepton estate, the property of the Hon. 
R. Warneford. On this estate selected cotton seed has been 
grown practically since the inception of the industry, and repeated 
annual selections are made. This estate can now almost be 
regarded as a seed farm wkicli places at the disposal of tlie 
Department of Agricmlture its yearly seed supply. Seeds from 
Yepton distributed for general planting in Antigua for the past 
crop and the one yjrevious to that have originated from selections 
of single plants at Yepton. 

The actual work of removing the smooth black and other 
undesirable types of ^eed is performed by labourei-s employed 
by the Cotton Fac^tory Company who are under the eontro! 
of the manager ; they diseard all the seeds which do not. possess 
a tuft of fii/z on the tuids, abortive or any other seeds whi(4i do 
not agree with a given tyyie. At least once every week the 
labourers are visited by an officer of the Agricultural Department, 
who inspects the seeds picked by every individual. In addition 
periodical germination tests are made at the Botanic 8tatian, 
and the manager of tlie Colton Factory is notified as to the results 
obtained. The quantity of seed handled as described above 
riatiirally vari(\s, the annual quantity distributed for the last four 
years being, as far as can be ascertained, some 2,Odd 11). 

The above short account indicates what has been done in 
the past in connexion with obtaining annual supplies of cotton 
seed. In the futures it is more than possilile that each section of 
the island will produce seed for its own particular requirements. 
In connexion with an island possessing so many varied types of 
soil as Antigua, such action would be a move in the right 
direction. The preliminary work has already been done, and 
plots containing selected strains of cotton are now growing at 
Rooms, and efforts have been made to establish a similar 
station at Bendals. 

Mr. W. Robson then read the following statement in reference 
to Montserrat:— 

Cotton Selection at Montserrat. 

The cotton selection work at Montserrat at the present time 
is chiefly concerned in the discovery of a cotton of a higher 
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market value than the type Heaton 9; now generally cultivated 
in the island. To this end, seeds of recognized good types have 
been imported both from St. Kitts and St. Vincent, and grown 
under the same conditions as the local strains. For the first two 
seasons after introduction, the St. Vincent types, apparently as 
the result of the changed environment, degraded to the value of 
the Montserrat cotton generally ; and the same may be said of the 
four St. Kitts types grown in 1914-5, for when the lint produced 
from these seeds in Montserrat was submitted with otliers to 
the brokers for valuation, the highest priced cotton proved to be 
the local type, Heaton 9. 

One of the Ft. Kitts strains, viz. Douglas’s, was reported as 
being bright, staple fine, good lengtli ; and it so happened that 
the seed-cotton from each of twenty five plants of this type 
grown had been kept separate. The seeds of those plants 
sliowing a lint length of 50 nim. and over were mixed together 
and a plot of 120 plants formed of tliis seed in the past season. 
Special attention has been paid to this group of plants in the 
hope of securing a satisfactory mother plant from wliicli to start 
a desirable strain. Tlie initial examination of the seed-cotton of 
each of the 120 plants was made when the first bolls opened, the 
determination at this stage being chielly for lint length. As the 
examination for this character proceeded, a fairly accurate 
judgment could be made of the })lants that were likely to be 
desirable for further selection ; and a note being made of these, 
they were later numbei’ed and the seed-cotton from each collected 
into numbered bags. Tlie seed eotlun was ultimately collected 
from forty-two of the plants, for detailed examination after 
reaping of all the bolls had been done. 

The score-card method for deciding the value of the field 
characters of the plant is not now used in Mont.serrat, reliance 
being placed on actual weight of seed-cotton produced by any 
particular plant selected. Notes are however msde as to the 
general character of each plant as to whether it is properly 
spaced, etc. 

At the detailed examination of the seed-cotton from each 
plant the first character determined is lint length, when the 
average maximum length on ten seeds is taken. The lint is 
combed with a weaver’s comb, parallel with the axis of the 
seed, and the measurements are of pulled lint. 

The strength is next determined by the impact inetliod, the 
degree of ‘snap’ indicating whether the cotton is strong or 
otherwise. 

During the last three seasons it has been the practice next to 
determine the amount of good, weak and short fibre on fifty 
seeds of each plant examined. Once the length and strength are 
determined, the weak fibre is combed out, and then all the fibres 
are removed, which according to experiments carried out by Mr. 
J. W. McConnel of the Fine SpinniTs’ Association, Dtd., and 
published in the Agricultural iVe?x?s, Vol. XI, p 247, are left in tlie 
combed cotton ; i.e., if a cotton proves to be 52 m.m. in length, 
all the fibres between 42 mm. and 52 mm. are pulled off by hand 
and later \veighed on a balance. The short fibre remaining Oq 
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the seeds is then pulled off and weigheif, and there is thus 
((brained a nninerieal (‘xprossion for reojnlarity. 

These deteriniiiations i'e(|nire Hnie and paiienee, and ob 
viously the ol»ser\atJonal error nmsl be very high. N^or is il 
known wliether a high |iereeii!age ol* sliort filires is an inherited 
characteristic. The principal value <»!' Mie process lies, probably, 
in the extra handling of the sample that it entails, Avhen a more 
•tceurate judgment can be arrivfMl at. in regard to it. 

Tlie determination oriineness by tlie mi(U'()S(!(»pe has never 
l)een systematically attempted in Montserrat, and this (piestion lias 
been left foi* th(^ opinion of the liroker to wliom samples have been 
smbniitted foi’ valiiathin. After some ex})erience in handling 
cotton lint, a. worker is easily .able to determine l)etw«‘en a (‘otton 
that is decidedly harsh and one that the hi'okei* would class as 
line ; but when it eomes to degrees of lineiiess, the matter is much 
more ditficnlt to decide. 

A lint index is formed for each plant examined, i.e., the lint 
is pulled ott' 20d seeds and tlie seed weight and lint weight 
determined. From this index tlie percentage of lint is detei'iniiied. 

Thus a judgment is formed on the eotlon of any plant 
selected on the following details : Weight of seed-eotton, lengtli 
of staple, percentage of lint, amount of good, weak and sliorl 
lihre. strenglli, tinenes.s, and seed weight from the lint index. 

In the following season when the progeny of special plants 
(diosen for cultivation are gi*own, the most important (jiiestion is 
to decide if the type breeds true, and this is best done by an 
examination of tlie seed-cotton of each of the pi ogeny when the 
lirst bolls open. It may here be stated tliat four cases have 
occurred in tlie Montserrat ex peri men t>s, wliere there lias been 
definite splitting of characters in the next generation, i.e., the 
plants chosen for propagation were obviously hybrids. 

The self-fertilizing of the flowers of tlie strains being pro¬ 
pagated for distribution lias not been followed up in Montserrat, 
t hough the method of wiring opening flowers has been success¬ 
fully tried on a limited scale, and the self-fertilizing of the flowers 
of special strains would seem to he easily within reach of any 
one breeding cotton plants. 

For the benefit of Montserrat cotton growers, 1 may state 
that a sample of the lint from the special plot of Douglas’s" cotton 
referred to at tlie commencement of these remarks, has been 
reported by Mr. E. Jjomas Oliver as being decidedly superior, and 
a more desirable cotton than a sample of Heaton 9 sent along with 
it for comparison, and tlie cultivation of tlie best plants from this 
plot will be undertaken in the present season. 

The Pbesident said he would like on© or two points arising 
our of Mr. Kobsoii’s remarks made clearer. Mr. Hobson had 
stated that he liad obtained a valuation of two types of cotton 
grown last season, namely from Heaton 9, and some arising from 
a St. Kitts type of seed. The latter liad been more highly 
valued by the brokers than Heaton 9. He wished to know if 
they had both been grown under the same conditions. 
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In reply, Mr. Robson said that they had both been ^rown in 
the Experiment Station under similar eonditions. 

In summarizing the other points brought out in Mr. 
Robson’s statements, t lie Presiden'I’ referred to t he (‘ironinstance 
that Montserrat, cotton liad usually bi'ouglit- lower prices than 
that from tbe neigbouring islands. He considei^ed it a matter 
which ought/ to be ]ook<?d into with a view to finding tlie reason. 

Mr. A. O. Thurston (St. Kitts) pointed out that last season 
iMoutserrat cotton had sold e(|ually as well as that from St. Kitts. 

(Some discussion followed bearing upon this ; the question 
again occurred at a later stage of tin*, proceedings.) 

Tlie President then asked Mr. Harlaud to read a statement 
which follows, in regard to the selection of seed in Si . Vincent. 

The Methoj) Adoi’ted in St. Vinc^ent for the Production 
OF Sea Island Cotton Seed for Planting Purposes. 

Tlie Sea Island cotton industry of St. Vincent was started 
on a commercial scale in 1904 witli the planting of the ‘ Rivers’s ’ 
type, only, obtained from the Sea Islands of South Carolina, 
't'his was not a pure strain, and it would have lieen impossible to 
obtain seed of suoli an one at tliat time in any (juaiitity. ]t was 
(jiiickly se^en after planting that the type was not pun* by the 
.appearance of a number of “ rogues The fields were gone 
throiigli carefully, and when these ‘rogues or plants not true 1o 
type, were found, they were destroyed. 

As no further supplies of seed could he obtained from the 
Sea Islands of South Carolina, it was eonsidered necessary to 
devise some means of maintaining the (pialily of t he (*ot ton, with 
the result that a mecliaiiical method of seed selection was 
adopted. 

The seed from special crop lots was first of all tested, and 
only that giving a geimiuation of not less than 85 per cent, was 
retained. It wtis then delinted, tofaialitate the work of selection, 
and spread out on tallies covered with white cloth. Women 
who were specially trained in the work sele(;ted the type showing 
the characters desired ; that was, a heavy, sound black seed witli 
a green tuft of fuzz at one or bot h cuds. Seed that did not 
eoine up to this standard was rejected. The selectefi seed as 
a rule represented from fib to 75 per (*eut. of the wholi‘. It was 
lioped by adopting tliis method, roguing tlie lields. and taking 
the seed from selected areas, to maintain the typr at its original 
standard. 

In the very first season this met hod was adopted and has 
been continued each year both by the Agricultural Department 
and planters. From 1905 to 1914 the results were quite satis¬ 
factory and, as no complaints were received from buyers and 
spinners, it can be shown that at any rate for nine years the 
practice, admittedly an imperfect one from a breeder’s stand¬ 
point, was successful in its results. There is no doubt also that 
the elimination of practically all the ‘native’ types was also 
lielpful. 

This then describes what was actually done up to 1914, in 
the matter of seed of the ‘Rivers’s or ‘Ordinary’ St, Vincent 
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Sea Island cotton, used for general planting by estates and 
small growers. 

The story of the superfine St. Vincent types, the chief one 
being known as B H., was similar in many respects. A few 
seeds were sent from time to time to one or two growers by 
certain gentlemen abroad, interested in the Fine Spinning 
industry. On receipt they were sown in nurseries, and plants 
not true to type weeded out. From these nurseries supplies of 
seed f^r fields were obtained, and from tliese fields seed for the 
planting of estates growing this class ot* cotton. It has been 
found possible, therefore, to meet annually the requirements 
(100-120 bales oE 300 lb. each) of the Fine pinners in regard to 
this fancy cotton. As with tlie ‘ Rivers’s’ type a similar method 
of mechanical selection has been practised from year to year. 
Here again a considerable measure of s\ieeess has attended these 
efforts. 

Long before 1914, when buyers first drew attention to 
certain defects in the lint whicli were becoming more noticeable 
in the cotton produced locally, the Agricultural Department 
frequently called attention to the dcsiiability of planters adopt¬ 
ing the progeny row system f >r tlie maintenance of the quality 
and yield of their crops, and as far hack as the year 1903, this 
work was undertaken on tlie (diief cotton-glowing estates. But 
owing to changes in ownerslii[) of estates; frequent changes 
from one type of cotton to another, and other reasons, tliere 
was no continuit}' of effort, and the work started was, with one 
or two exceptions, discontinued. 

In 1910-11, the local types were colleeted and grown in plots 
at the Experiment Scation. One tine type was also planted at 
the Botanic Station. Tlie primary object of this work was to 
endeavour to find plants showing resistance to certain bacterial 
and fungus diseases, whicli annually caused so much loss of crop. 
The St. Vincent industry could not survive on quality of lint 
alone, and the fundamental idea was to try and find a variety 
of Sea Island cotton wliieli would yield a good crop under local 
climatic conditions; the improvement of the lint, if necessary, 
would follow. This work has been carried on to date, by s^^lect- 
ing the healthiest plants each se^ason ; but the liope of obtaining 
a resistant strain wliicli would breed true has not yet been 
realized at the Experiment Station. 

At the Botanic Station, however, in a plot of B.H. cotton, 
there was selected, in 1910. a distinct plant with a relatively 
small leaf blade and little vegetative growth. The bearing 
and general habit of the plant was good and, above all, 
it was remarkably free from disease. The lint, however, 
was, and is, shorter than the type, but improvement in 
this is being sought by selection and hybridization. The seed of 
this plant was sown the following season, and retained the 
characters for which it Avas selected. Seed from three or four of 
the best plants have been sown each season to date, in an isolated 
plot. The type has now been under close supervision for the 

f ast five seasons and is, as far as can be judged, a pure strain. 

t ^pears tc resemble in habit what has been termed by Mr. 
O. F. Cook, of the United States Department of Agriculture, a 
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one stalk ’ cotton. It has besides, this desirable characteristic, 
namely, that it is an early maturing type. 

In the plot which was sown on July 10 last year at the 
Botanic Staiioii, the first boll opened on October 29, and the 
crop was to all intents and purposes finished at the end of 
December. There was little or no disease of the bolls notwith¬ 
standing the fact that the rainfall for July was 16*36 inches ; 
August 13*70 inches ; September 16*28 inches ; October 14*21 
inches ; November 12*71 inches; December 11*45 inches, or an 
average of 14*11 inches per month. 

Two trials of this cotton have been made on estates in wet 
districts in 1-acre plots, and the yield of seed-cotton 
in each case, under similar conditions of soil and chniate, has 
been far higher, in one instance over 200 per cent, higher, than 
that obtained from other types. 

Seed is now being reserved for an extended trial on an estate 
during the coming season. 

In 1911-12, a plot of seed from a type (No. 1) selected at the 
Experiment Station for disea.se resistance was grown by a small 
grower for tlic Agricultural Department. In this plot were 
selected plants of good type. Seed from one of these was reserved 
and planted on a neiglibonring estate in the following years, 
1912-13, 1913-14, 1911-15, and 1915-16, wliero attention was 
devoted to obtaining an uniiiixcd su])ply of seed of the selected 
type for general planting in the Colony. It is of the ‘ordinary ’ 
fine grade in regard to lint characters. 

Samples of the lint wei-e submitted in 1914 to the Fine 
Cotton Spinners and Doublers' Association, and to Messrs. 
Wolstenholme and Holland, brokers to the British Cotton 
Growing A.ssoeiation, and the reports received indicated that 
the lint was superior to the * ordinary ’ St. Vincent, and therefore 
worth producing on a commercial scale. 

During the past season the selected type, only, has been 
grown on an estate and the seed-cotton closol}" followed from 
the held to the seed store-room to avoid any mishap to it. Seven 
tons of it have been purchased by the Government and the 
option of purcha.se on 2 further tons has been obtained.* 

This method of obt.’nning a laige supply of seed was the 
recognized one in the Sea Islands, hut in tlie light of recent 
researches in Kgy[>t hv Balls it may be po.ssible by adopting the 
method of seed renewal by means of pure strains to achieve the 
object in view in future years with a far more certain degree 
of success. 

Ill regard to the superfine types grown by certain estates, 
selection work along the oi*dinary lines is in progre.ss, and an 
endeavour will bo made to obtain pure strains of these by the 
recognized methods. 

The PkesiiiKNT asked the Conference to distinguish carefully 
St. Vincent ordinary cotton from St. Vincent superfine cotton. 

* Since the ab.)ve was written a crop lot of ordinary St. Vincent Sea Island 
cotton from a single plant selection made by Mr. ^ands iii 1911-12 has been sold 
at 23d. per tb. Th s sale price is from 2d. to per lb. above ordinary marks on 
€ven dates. As stated above, the ginnery has 7 tons of the seed of this strain 
available for distribution to local growers for planting during the coming seiison. 
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Superfine cotton, he thought, was produced iu St. Vincent only. 
1 herefore, when discussing cotton it would be necessary to decide 
whether St. Vincent ordinary, which is a type comparable with 
what is grown in St. Kitts, or St. Vincent superfine, which was 
not grown in St. Kitts, was ]>eing referi*ed to. The St. Vincent 
ordinary originated from seed imported by the Imperial Depai’t- 
ment of Agriculture, as was the i^ase iu other islands. This seed 
produced plants from which seed for future planting lias been 
obtained eacdi year by mass selection. That had been the general 
practice. As iMr. Harland had stated, there had been 
progeny i*ow selection on some of the estates, and this method 
had recently been adopted in the Experiment Station. The 
position in St. V^iiicont, therefore, had been and was somewhat 
different from that in the other islands. 

Mr. F. It. SllEPHERD (St. Kitts) then asked whether a type 
of superfine cotton raised in Si. Kitts from seed sent out by Mr. 
Lomas Olivei under tlie mark H. B. was the same as the type of 
cotton represented by B. H. in St. Vincent. He had understood 
from Ml*. Fonda, who had recently visited the West Indies on 
behalf of the Fine Spinners, that tlie two were similar. Mr. 
Shepherds experience in regard to the cultivation of this 
superfine cotton on an estate scale in St. Kitts had not been 
altogether encouraging, t he difference in price per pound between 
it and the ordinary St. Kitts cotton not having been greater* 
than 2d. or 8d. Mr. Slieph(*rd did not think that this difference 
ill price was sufficient to warrant the planting of this H.B. cotton 
in preference to the St. Kitts ordinary cotton. Mr. Shepherd 
had nevertheless c*ditimied to solectt his H. B. cotton on the 
progeny row system, and he was awaiting the result of the 
spinn(u*s’ examination of the latest sample of lint. 

The PRESIDENJ again drew attention to the dilfcroiice 
between the jjroduetion of superfine and ordinary cotton. Each 
was a separate industry, for each ly[)c of cotton met a ditfcrciit 
demand. 

The (.Conference then adjourned for luiudieoii. 

Comparison op Present Methods of Selection. 

Upon resumption of business, the PRESIDENT said it might 
he advantageous to consider in a comparative way, the methods of 
selection which had been described, wdth a view to the suggestion 
of improvements, lii leading up to the discussion, the President 
asked Mr. Shepherd whether the 2,0()D lb. of seed which be had 
for distribution all belonged to one type. Mr. SHEPHERD, in reply, 
said that this seed was from individual plants referred to by 
the nuiiibei-s enumei*aied in the statement wliicli he had read 
All these types were closely similar, with the ex(?eption of the 
Oliver seed, wliicdi was of the superfine type. 

'Flic Hon. R. L. Warneford (Antigua) stated that the 
delegates from that island had been instructed accoi’ding to the 
Willowiiig R<l> solution : ‘ Thai it is desirable that the delegates to 
the forthcoiu ing Colton Conference should discuss with the 
other delegates of the Conference the methods adopted for 
securing a satisfactory supply of seed for planting in each island ; 
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that a definite line of piocedure should be laid down as to the 
best mode of ensuring a purity of seed supply.’ 

The Presidcnt after expressing satisfaction that a definite 
mandate of that kind had been put forward, said that there was 
some danger that wliere many types of cotton were grown in 
or near their experiment stations or seed farms, there miglit 
result an admixture, tfe pointed out. that. Balls’s experience in 
Egypt had l)een tliat (*rossing is the one thing that ])reak8 down 
types of cotton. Tn Egypt the method of wire caging was 
necessaiy in order to raise pedigree jdants, and it was a que.‘^tion 
for the Conference to decide how far that kind of appliance was 
necessary under West Indian conditions. The President then 
sketched in outline what is understood by the progeny row 
method of selection, how the individual plant was taken first 
and then the seed from this in the next season planted in a row, 
and from this seed was taken for planting a plot the following 
year which supplied seed for estate planting. He asked to 
what extent it was likely that crossing could take place umler 
conditions in these islands during this process of selection. 
He pointed out that in most of tlie islands there was greate'* 
purity of strain than in hlgypt, and therefore there was less 
(diance of any breaking down througli hybridization. Another 
point which required consideration was the question of starting 
with a single plant. He pointed out however, that it was not 
only one plant that v/as taken in the course of prai^tical seed 
selection in an experiment station, but a series of ‘one plants’ ; 
so that if one failed the others would supply its place. It ought 
to be decided how many of these one plant series should be grown 
:it the different stations, and liow the experiments should be 
conducted. He thouglit that the Conference sliould come to 
a broad and general understanding as to what was the best 
method to adopt in the selection of set‘d for planting purposes. 
The Pj’esident asked Dr. Tempaiiy to make a statement as U> 
whether he was satisiied with the present practices. 

Dr. TempANV stated that la* eonsidered (he [)rog<*iiy 
row najthod witli a numbei- of single plants was the best method 
lliat was known at tlie present time. In regard to tJa* employ¬ 
ment of wire cages, he was not in a position to give any definite^ 
»>pinion for the present. 

In regard to this subject, Mr. W. Nowell (Imperial 
Department of Agriculture) said he thouglit that tlic first thing 
on which an understanding should be arrived at was, what degre** 
(►f precision in eliaraeters the buyers of c.otlon needed in tlu* 
cotton they purchased. He referred the ca.st* of Harbad(»fi 
where there was uo elaborate proc.ess of sele(5t.ion, and where 
yields and types fiuctiiated consiileuibly : yet the rotton trout 
that island had always commanded a good price. He did not 
t;onsider, therelore, that it was w n th while employing wire cages 
if it wore possilile, as it seemed to be in Barbados, to raise lint, 
satisfactory to the s[)inner. from setsl which was tic* product of 
mixed typc«- What was necessary was a clear statement from 
the spinners as to what they regarded as the ideal I vpe of lint, 
and what should be the exact characters (»f tliat. lint, bnt il tJiis 
was known precisely, it would be useless to employ pret'isc 
methods of selection. Another point which tlie speaker referred 



to in regard to the doctrine of pure strain within the island, 
concerned the elimination of certain characters. He considered 
there were dangers in restricting seed selection to narrow limits. 
At the present time there were a good many different strains 
exhibiting great similarity but still possessing differentiating 
characteristics. If it v ere desired to select a strain wliich had 
any one of these particular characters and tliis were done, some 
characters possessed by other strains would be lost. Provided 
the lint was satisfactory, mixed types were safer because more 
capable of adjusting themselves to their environment, including 
diseases which might at any time occur. Moreover, should the 
circumstances of the market or of fashion so change that the type 
which had been put into cultivation was no longer the most 
desirable, and it became necessary to recover characters lost in the 
other strains, the planter would be limited and nairow^ed down to. 
selection from that one type for wliich the demand had declined. 
An extreme case of such a type is the St. Vincent superfine cotton 
with its great length and liiieness. It would obviously be a very 
aw’kward economic position to be in, if St. Vincent or any other 
island grew this type and selected for it to the exclusion of all 
others, for at any time the demand for super line might decline. 

Mi\ F. R. SlIEPllERF) said that in order to carry on his work 
in St. Kitts without undue risk he would like to employ the wire 
cage method. He had occasionally liad trouble with his cotton 
owing to accidental hybridization. 

Mr. A. O. Thurston (St. Kitts) then questioned the superi¬ 
ority of Mr. Shepherd's selected seed compared with the Douglas 
seed which ho produced and sold for planting. 

An interesting discussion then followed as to the origin of 
the Douglas seed. 

Mr. Thurston said that he employed mass selection from 
the best bearing fields at Douglas estate. Instead of taking any 
individual plant the seed was selected from the best plot of plants. 

Mr. Shepherd stated that tlie seed known as Douglas seed 
had been derived from Stirling seed. 

The President said the history of the Stirling seed was 
well known ; tliai strain originated in Barbados from a single 
selection of the Rivers’s seed imported from America by Sir Daniel 
Morris. The President asked Mr. Ballou, who was associated 
vvith this selectiou of Stirling seed, to give an account of the 
circumstances attendant on it. 

Mr. H. A. Ballou (Imperial Department of Agriculture) 
said that in the Went Indian Bulletin^ Vol. IV, the line of seed 
selection that was suggested as likely to prove most valuable 
was laid down. It consisted in going every year to the single’ 
plant as the source of seed supply. In other words, the progeny 
row method was advocated. It was suggested that each estate 
should do selection for itself. In order to carry out the scheme, 
Sir Daniel Morris appointed a committee, which consisted of 
members of the Staff of the Imperial Department associated with 
members of the local Department of Barbados, and each member 
was assigned to a particular estate. The speaker was assigned to 
Stirling estate, and after a large number of examinations in the 
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field he had fourteen plants selected and numbered to bo retained. 
One of them had been 303, and that Mr. Thornton selected after 
examination of the lint, and Dr. Gooding grew it the next year 
and he called it ‘ Stirling lb was found later on that a contin¬ 
uation of the system of going liack to a single plant for seed 
supply was unnecessary, for L)r. Gooding found that the strain 
of Sliding was so pure that it did not make aii}^ dilference 
whether he adopted mass selection or the single plant method. 

The President pointed out that Mr. Thurston in St. Kitts 
was practically carrying on in an exceptionally pure environment, 
the mass selection started by Dr. Gooding in Barbados with a 
pure strain which had originated from a single plant selected 
in the field by the committee of which Mr. Ballou was a mem¬ 
ber. A most important factor in the maijitenance of the cotton 
industry was the selection of the pure strain, and the experience 
of Mr. Thurston, who was one of the largest growers of Sea 
island cotton, was that given a pure strain and a pure ejiviron- 
ment (biologically speaking) the type can be maintained without 
any deterioration. The President mentioned the recommendations 
that reached him from time to time to obtain seed for planting 
from pai-iicular marks of cotton possessing good cliaracters ; but 
these characters were probably in most cases the result of 
environment. One of the most important points, it was staled, at 
this stage of the Conference, was that there did exist in the various 
islands strains of cotton which were eminently satisfactory • o 
the spinners, and the aim of experiment station workers ought 
to be to retain ind continue to reproduce these strains rather 
than to try to produce new types. Probably there was no 
place in the world where there was a larger' or a better area of 

E ure strain grown tlian in bt. Kitts, because it was found that 
otli Mr. Tiiiirston and jMi*. Shepherd were working from seed 
which originated from a single plant, o03, the history of which 
Mr. Ballou had given. 

The President thought it would be useful if, as one of the 
resuks of this Conference, he aslo^d the Fine SpiLiners the e^'-act 
characters they would want in tiu‘ kind of cotton they described. 
The President thought tliat the spinners would most probably ask 
for greater uniformity. Both on the information snp]:>lied by 
spinners and on that given 1-v .Mr. Balls, it was o})vions that 
uniformity of length was what was most desired. The President 
then asked for an expression of opinion on the following llesolu- 
tion : ‘ That in the opinion of this Conference, the purpose of 
obtaining a supply of pure seed for planting pnrpc^ses will be best 
obtained by the method of single plant selection followed by 
cultivation in progeny rows from which plots are planted to 
produce commercial supplies ; and tliat the methods described 
oy the Experiment Station workers in their remarks to this 
Con:^erence to-day are satisfactory in principle and are such 
as are to be recommended to be followed in piactice in the near 
future *, 

The Resolution was put, and agreed to unanimously. 

The President then invited discussion concerning why the 
same pure strain produced in certain districts and at certain 
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times different quality lint. Ho felt inclined to suggest that it 
was a matter of environment connected with soil and climate. 
He attached considerable importance to the effect of the soil. 
He thouglit tliat perhaps one reason why Montserrat had not 
produced cotton wliich would bring a high j)ri(!e was on account 
of the nature of its soil compared wit h that of tlie soil in St. 
Kitts and St. Vincent. Besides being deeper aiid ligliter, the 
soils in St. Kitts and St. Vincent, were more uniform. It might 
))e argued thnt Bar]>adc>.s liad a shallow soil and yet high (jiiality 
(cottonliad l)cen produced there. But the I'resident pointed out. 
that iji Jbxrbados the soil lay on a porous t^oi’al rock, which func¬ 
tioned as a kind id* water reservoir and played an important part 
in maintaining the moistnre content of the soil. 

Mr. W. Rohson (Montserrat) sai<l that during 1913-14 lint 
from Heaton 9, produced on the leeward coast, liad obtained 
a higher price than that gi*own on the windward, in spite of the 
fact that greater care had been taken to teep the seed pure on 
tlie windward side. Tliat would tend to show that there had 
been some fluctuation in the (jiiality of tlie c.otton produced from 
the best seed. Mr. Robson said that Stirling seed had not 
succeeded as well in Montserrat as in St. Kitts. He attributed 
that to the fact that the Stirling seed, originally obtained b}' 
St. Kitts from Barbados, was of superior <jualit v. and that it had 
even improved in St. Kitts on acclimatization. 

The Pbesidknt said it was important for Montserrat to 
know whether the seed it had obtained from Barbados original(‘d 
lik«‘ that olitaiiied by St. Kitts from tlie original Stirling. 

Mr. IvOnsoN said tliat Douglas’s s(‘.^d from St. Kitts liad 
been [ilantecl last year in Montserrat, and tliat this year the 
a,verag(‘ lengtii of lint had increased by 5nini., wliicli Iih 
jegarded as lieing due to aedimatization. 

Till* l*RESinEN'l' said it wonlil ap[)ear possible (hat it 
might pay Montserrat to use. seed that bad been fixed in St. 
"Kitts. Turning to another point, the Presiflcnt lequcstcd 
Mr. Harland to explain wherein lay tlie risk of losing good typi's, 
if superfine and ordinary Sea Island cotton arc grown together, 
with special referencjc to decrease in nniformity of lint. 

Mr. Harland (St. VTncentl said that Balls’s theory in regard 
to lint length was tliat it was covered by 3 unit chai*acters. 
Egyptian Cfottou bad only a length of about 35iimj., so 
it might 1)0 assumed for purposes of argmnoiit that lint length 
for ordinary Sea Island c.*otton could not be covered liy less llian 
1 unit characters, and that the? superfine, wliic.h was longer than 
ordinary Sea Island cottem, could not be covmed by Jess than 
o. If a cotton having o unit characters were erossecl with onc' 
liaviiig 1, Ihcu in the second generation there would be a series 
of fundamental types ; there would be permutations and com¬ 
binations ct the unit characters of lint lengtlis, anct tlmre might 
bc^ some [lossessi ng only three J( 3 iiglh factors, and some [lerhaps 
with only two. Outlie oilier hand, a large pc3rc*entage of five 
factors and of four facten-s might be obtained. Mr. Harland’s 
ojnnion was that the large number of sliort-fibred plants in the 
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superfine cotton in St. Vincent might be due to the fact that 
the superfine had been crossed with the ordinary and had 
produced otlier cotton with a lower number of lint factors in 
the second generation. Tlic proc^ess was a cumulative one. If 
a second generation with tlir(‘c factoi’s were ci’ossed ])n,ck vvitli 
four, tlien in tlie next thei'e would pi-obably resull a further 
reduction to only two ; and if this were ('ontimied, tlien (inally 
naked seed might result. Mr*. 11 ariand had come aer*oss that 
in Iris examination of plants in St.. X'ineiMit, having found bolls 
with seed having no lint- whatevm*. 

Referring to the subject of pure* strains. Mi*. Harland 
said there was a danger attacjhed to them in that pure strains 
occasionally prodiu^ed retrograde mutations. Experiment station 
workers therefore would have to be careful lest they got any 
new undesirable crosses arising, due to the loss of certain factors. 
In 8t. Vincent Mr. Harland had evidence of a (;as(‘ where a new 
rogue had arisen due to mutation, which had proved to be a most 
undesirable type. 

The pRESlDEN'r called s]jecial attention to Mr Harland's 
remarks on the subjec^t of retrograde mutation. He thought that 
it emphasized the importance of experiment stations maintaining 
purity of seed even after all the districts in an island had been 
supplied with a pure strain. The Presidmit- said that observa¬ 
tions as to whether retrograde mutations oc(;urred in St. Kitts 
where the type of cotton grown was especially })ure, would bo 
of great importance and interest. 

A short discussion then followed concerning the [lossibility 
of the occurrenc.e >f mutations without hybridization. The 
President pointed out that it was known that this ccuild o(‘cur. 
He also asked the Conference to rellect upon what was meant 
when the term * pure strain ’ was used. In regard to coi-loii, a pure 
strain referi*c‘d only to certain pari.ic.ular (*hara(^lei*s, in the c*'ise 
<>f <‘ott-ou to the characters of lint,—in other words to characters 
of c'ommer(*ial impoi’Dince. An ab.solutely ideal pure strain oi 
cotton could only exist in the abstra(*t. Ibmce a perfectly pun* 
type of cot.ton ])lant could only be evolved theoretically. 

The Coiiference then adjourned to meet on the next day, 
Wednesday, Mandi 15, at ID a.m. 

The Ctniference was resumed the iu*xt day, Wedut'sday, 
Marc'h 15, at 10 a.m. 

The. PRESIDENT siigg(‘sled that tlie <jucstion of methods to be 
employed in ast^erlaining the charai'tors of <*ol D>n should be next- 
discussed, with a view to aseta-taining wlia.l methods art* best- for 
general adoption for set^d seleclien and seed sup[)ly. He pointed 
t>ut that tlujiH* w(*rc two sides to he c*onisi<h‘i*t*d : the st’ientifit* 
research sid(s and the experinumt station side. On tht^ one hand, 
laboratory details had to ht* tMUisidered ; and on t he (>th(*r, practi¬ 
cal held work. As a means of starting a dis(*UHsiou, the President 
asked Mi*. Harland (8l. X'incent) to read a paper on some 
lint characters of 8ea Island ijottun. 
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Some Lint Charactebs op Sea Island Cotton. 

BY S. C. HARLAND, B.Sc. (LOIld,), 

Assistant Agricultural Superintendent, St. Vincent. 

Inirodttciioyi. —It is now generally accepted by the majority 
of cotton workers that further advances in the quality ot‘ the 
cotton now grown can only be made (a) by a biological analysis 
of the mixed races witJi which we arc now dealing and isolation 
of the best biotypes by self-fertilization, and (6) synthesis of 
pure strains for the piirp<>se of combining desirable qualities. 

The latter work will undoubtedly lind a place in the nea*’ 
future, since it is almost impossible to find plants possessing al^ 
the characters want(Kh We should not expect to find the idea^ 
cotton plant in a mixed strain, since it would have to consist of a 
hnmoz 3 ^goiis combination of a large number of units. Occasion¬ 
ally superior types of cotton appear in a mixed variety, and these 
have been considered to be mutations. It is better perhaps to 
keep the term mutation for a discontinuous modification occurring 
in a pure strain, and the so-called mutations must then be 
regarded as rare combinations ofiftlready existing units. 

For the present we have to reh" for our superior types on the 
results of Mendelian segregation following the planless crossing 
in Nature. It is evident that more rapid advance could be made 
by a planned and controlled crossing of biotypes of known value. 

In selecting cotton, the great difficulty of all plant breeding 
work must be faced : i.e.. Has an advance been made ? Besides 
paying attention to yield a'nd disease resistam^e, we seek also good 
lint and seed qualities. Tlie most important lint cliaracters 
appear to be these : (a) length, (b) strength, (c) fineness, (d) 
uniformity in resp(‘C't of (a), (b; and (c). It is also regarded as 
desirable to have, ((1) a low percentage of weak fibre, (e) a large 
weight of lint per seed, and (f) a large ginning out-turn. Other 
properties such as (g) the amount of twist, and (h) the clinging 
qualities are impoi'tant. The question arisen, to what extent 
can workers in the West Indies use these characters as a basis 
on which to select cottons. Eliminating (g) and (h) on account 
of the fact that their value compared with other characters is 
uncertain, and also because no methods of dealing with them 
have been devised, we have to consider the remaining cliaracters. 
It is practicable to examiiic cottons for length and for uniformity 
in length, for weak fibre (provided that it is proved to be worth 
while), weight of lint per seed, and ginning out-turn. Strength 
(meaning yarn strength), and fineness (which has been shown by 
Balls to depend largely upon hair-strength), are qualities which 
can probably be brought out best by sulijecting the cottons under 
examination to practical spinning tests. 

In these notes will be considered some of the lint characters 
of cotton and their bearing upon the work of selection. 

Length .—The mean maximum length of the fibre is known 
to be a hereditary character which is subject to environmental 
modification, and in a pure strain, to fluctuation. Balls (i) con¬ 
siders that if the lint on five seeds be combed out and the average 
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length obtained, ths results will show a probable error of ±2*9 
per cent, on a mean of 35 mm. 

An examination of the mean maximum lint length of 100 
seeds from a single Sea Island plant gave the following 
results 

(1) The mean maximum lint length on individual seeds 
varied from 44 to 50 mm, 

(2) Tlie probabl(3 error in taking the mean of live seeds as 
correct varied from 2*8 per cent, on a mean of 47 mm. to O O per 
cent on a mean of 47 mm. to 0*0 per cent, on a mean of 45*4 mm. 

(3) The mean of Hve seeds ranged from <14'8 mm. 4113 per 
cent, to 47*8 mm. 4:2 6 per cent. 

These results show tliat for the determination of mean 
maNimiiin lint lengtli it is sullieiejit to measure the length 
on live seeds to give a result which is fairly accurate for 
comparative purposes. 

Unifoy'mity of lenrjfh ,—If the lint on a seed be combed out 
wing fashion et each side, it will ])e seen tliat the longest libros 
spring fi'om the post erior end of the seed and tliat iliere is a 
gradual reduction in length as the anterior end is approached. 
Tims some idea of llie uniformity of length may l)e obtained 
from the mere appearance of a number of cumbecl seeds. It is 
found, liowever, that this method is unsound, even for 
(iomparative work, since often a large number of short fibres are 
hidden among the long ones. The only acemrato wa}’' of 
estimating iinifonnity of length is to pull out all libres of, say, 
over 40 mm. from tl](‘. combed .seed, weigh this as ‘ available fibre* 
and express it as a percentage of tlie total fibre. Diflerent 
standards could be adopted according to the cottons dealt with. 
For superfine cottons a minimum length of 15 miii might bo 
adopted. 

The results of <ielermiiiiug the percentage weight of fibre 
above 40 mm, on 100 (tombed seeds from a single Sea Island 
plant are, briefi^y, as follows 

(1) The average ranged from 37*3 per cent, to 50*2 per cent, 
in twenty groups of five seeds, with a maximum probable error 
of 7’1 per cent, of the mean. 

(2) When groups of ten seeds were taken, the maximum 
prohafde error was reduced to 3*5 jjer cent, of the mean. 

These results show that, in comparing the pei*eentage of 
available fibre from different Sea Island cottons, it is ordinarily 
.sufficient to take tlie mean of ten seeds Ordinary Sea Island 
plants were found to range in percentage of available fibre from 
5 to 80 per cent. For purposes of selection it might be advisable 
to discard plants having less than 05 per cent., unless there 
were many otlier compensating qualities. 

Weak fibre ,—Jn combing the lint upon a seed, the procedure 
is to pass the comb through the libres, near tlieir place of origin 
on the seed, and having carefully cleared this area, to grip 
the fibres with * the fingers and comb out the rest of 
the lint with more vigour. The fibre that comes away is 
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HuppoHed to V)e ooinDosed chiefly of weak and immature fibres 
whifii would, ill ilic ordinary course of events lie useless for 
spinning purposes. Due reganl must be ]j.‘iid to the fact that 
the (|ualitv oT poss(*H.siiig libre whi(*li is easily or difficultly 
separable from ilie seed is a hereditary one. and easily separable 
lint does not iie<*essarily imply a large pro])orlion of weak and 
immature libj*t\ Some eobrons are mel. witJi, excellent in leiigtli 
and uiiiformit of Jengtli but possessing a large pi’oportioii of 
‘ weak fibre'. In the majority of these cases t he high proportion 
of ‘ weak fibre ’ is fictitious, since it is impossible to separate the 
fibres near t he seed williont (jausing large numbers of tliein to be 
rietached. h'inger tests show tliat in suoli plants the detached 
fibres are, as a rule, little inferior tf» t hose remaining on the seed. 

FlneXuation in W(‘ak fibre from seed to seed of the same plant 
is very great, and the results of weak fibre estimation of 100 
seeds from t he same plant showed that the mean of five seeris 
ranged from 5‘4 to ]4*2 pel- cent., with a probalde maximum error 
of J4*() per cent, of the mean. 

To i;ediice the error to even 4 ])er (-ent. it would be ne(;essary 
t-o comb twenty-five seeds carefully—no mean iiiidert-aking when 
a large numbei* of plants are to be examined. 

^Considering tliat the estimation of available filire wtmld 
provide more valuable data and could be done using only ten 
seeds, it would probably be wise t.o do away with weak fiV:re 
determinations altogetber. It is however just as difficult to 
estimate available libre as it is weak fibre in plants with easily 
separable^ lint., and this dilficultly can only be got ovtn- 
by selecting plants with lint that is difficultly separable 
from the seed. 

Lint index and lint 'percentatje ,—The lint index of a cottoj^ 
plant is defineil as the weight in grams of the lint taken from Ur 
seeds. it has beeji stated by Cook (-i) that continuou® 
selection foi* high lint percentage is unadvisable since a high liiU 
percentage usually implies a light seed, and light seeds b(ung 
small seeds, they will give rise to plants whicJi arc- lacking in 
vigour. Cook’s position is iiy no means sound, for the following 
reasons :— 

(1) A high lint [)ca*ccjntage does not imply a low seed weiglit. 
The lint percentage of Sea Island cottons ranges from Jfi to 82. 
Plants with lint perc-.entage^ of 80 to 82 have been found witli 
average seed weiglits of 0115 gram, 0*117 gram, 0*121 gram. 
0*129 gram, etc., wliik^ plants with lint percentages of 19 to 21 
possessed average seed weights of 0*181 gram, 0*080 gram. 0*097 
gram, 0*110 gram, etc^ Tliese are not exceptional plants, for the 
results of examinatioii showed that unless tlie seed weight was 
abnormally high, there was no i*elation between the lint weight 
and seed weight. If plants with high lint per(*entage are selected, 
tlieir seed weight is, as a rule, quite noi*mal. 

(2) Plants with a low seed weight do not give rise 


(2) U.S.A. Dept, of Agric. BuHotin : ‘Danger of JudgingCotton Varieties 
by Lint Percentage 
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to pi’ogeny deficient in vigour. Vigour set?ms to depend 
?rior( ii[)r)n tin* specifKJ gravity ol' tlie seed than on its aetual 
weight., KKpei'iments have shown t.ljat. seeds oj’ high sp^eitir 
gravity germinate ipiieker and heit.er t.liaii those of low sjieeilie 
gravity, and give a inu(*h better stamh Kni'tliermoi***, som** 
strains ol* vigorous oonstit<ntion have a low^ a\ ei-age seed weight ; 
(jther strains, l(\ss \’igoi-ons, have one inuoli higlier. Thus, the 
most. pi’odiKitive vai-iety oi* eotJon in St.. ViiK'cait, t-lie ]hS. variety, 
has seeds of an average weight of only 0‘105 gi*a 2 n, as against an 
a verage weight foi* the whole island of about 0*115 gram. 

(‘]) WJion cottons with high lint index ar«‘ selected, tliey are 
nsnally found to possf^ss a high lint pere.entage. Tlius out of 
120 select.<^d j)lants the six plants with t.he liigbest lint index 
(‘.ontained fiv(‘ out. of the six [danls with the highest lint [)er(.‘en- 
stage, i.e., there does exist a definite correlation het.ween lint 
index and lint percentage. 

In selecting cottons a high lint index is desirable, since if the 
numher of seeds per boll remained the same, nioi*o (cottons per 
holl would be produced and labour in picking economised. There 
is a danger in selecting on a high lint index alone, for t*>ertain 
Sea Island jdants possessing Upland blood to inherit the coarse 
fibre and high lint index of the latter variety. Tiie superfine 
cottons of 8t. Vincent have in general a lint index which is com 
])aratively low. (treat care must t herefore be exercLS(‘d in using 
lint index as a basis for selection. It should be kept quite sub¬ 
sidiary to length and uniformity of lengtli. 

In j'egard to the nnml)er of se(‘ds to be taken for lint, index 
determinations, it is sufficient to take JbO seeds. The pn^bable 
inTor iji this (‘ase is al)out 2*1 per cent, of the mean. 

Tue Dia.meter ok CoiTOxX Fihres, wiTif SOME Notes on 
Their Breaking Points. 

UY K. W. L’AMIE, M.A., It.Sc-.. (Kdiu.), AND S. C. HARLAND, B.S<(i.on.l ). 

Introduction .—The diameter of cotton fibres has been 
regarded as an important faet^or in the work (>{‘ selection. 
Thornton (l) states that the cotton with the smallest diameter is 
most suitable for spiniiing purposes, and that jegularity in 
diameter of the fibres is also desirable, some samples being much 
more regular in this respect than others. He gives the following 
method of det.erinining the diameter of fibres : ‘ Tlu^ diameter 

of fibres must be ascertained microscopically by means of 
a graduated eye-pieire. This work c;an be done very rapidly. It 
is not advisable to measure the weak fibres, these being flat and 
eoiisequently broader, and besides, they constitute a factor wliich 
we are trying to eliminate. Five mounts should be made from 
t he sample and the diameters of twenty fibres measured in each 
mount.’ 


(1) Thoriinm. Iinprovemout of Cotton by Seed Selection, West Indian 
Jiulletin^ Vol. VII, p, 153. 
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The plants which he worked with varied in average diameter 
from 0 0145 mm. to 0 0103 mm. 

This method of diameter determination, with little variation, 
has been used for several years in the West Indies, and much 
labour has been spent on it. It is important to note that while 
Americaji Upland and Ecjyptian cottons can be separated with 
ease from Sea Island on the score of diameter, it is still a matter 
of uncertainty whether hereditary differences in fibre diameter 
exist in the latter. 

Now when it is required to obtain the average fibre diameter 
for a single cotton plant, the amount of Hnctiiation. and the 
probable error involved in a given number of readings must be 
known. In an investigation of diameter it is necessary to 
determine 

1. The number of measurements to be made along a single 
fibre in order that the diameter for that fibre may be obtained 
with a reasonable probable (u*ror. 

2. The number of fibres wliicli must be measured from 
a single plant to give the average diameter for that plant with 
a reasonable probable error. 

In tliese notes tlie results of measuring ten fibres from 
a single seed of 8oa Island cotton are given. Thirty measure¬ 
ments were made on consecutive internodes of each iibre. The 
mean diameter of each fibre along ten internodes, and along 
thirty internodes has been determined, witli the ])robable error 
in each case. Finally the average diameter for the ten fibres, 
witli the probable error, is stated. Tlie results are discussed 
brielly, and another method of obtaining diameter is suggested. 

Some notes on the breaking points of cotton fibres are 
appended, and a simple apparatus is described for the determin¬ 
ation of such breaking points. 

Discussion of results .—The average diameter of the cotton 
fibre of one seed when thirty measurements were taken along 
eacli of ten fibres, was subject to a probable error of 3’28 pei" 
cent. 

In individual fibres the diameter varied from 0*0131 mm, 
to 0*0171 mm., and the greatest probable error was found in fibre 
four, where the diameter was 0*0151 mm. dz 0*0013 mm. or 8*61 
per cent. 

For such a large number of fibres tlie probable error is 
comparatively great, and we should expect that variation would 
also be found from seed to seed and from boll to boll. While 
a larger number of measurements would reduce the probable 
error, the labour involved would be tremendous. 

As lias been previously stated, Thornton’s results gave 
average diameters for single plants ranging from 0*01*15 mm. 
to 0*01H3 mm. The range in single fibres is greater than tliis, 
and it is doubtful \chetlier this method can be applied in distin¬ 
guishing different varieties of Sea Island cotton. 
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Now the large probable error of oar results can be par iially 
if not wholly, explained in the following way. The (H)t ton fibre 
instead of being absolutely flat at tlie internodes, is (Mirved; 
i.e., instead of being at the widest part it is, as a rule, r 

If a 2-11). weight be suspended from a piece of magnesium libbon 
and the weight whirled round, a true helicoid is obtained, and 
it will be observed that at the widest part it is flat. In cotton 
it is scarcely ever so. From the spinning point of view this 
may not matter, but in measuring it causes big differences in 
readings because the curling round of the edges takes place to 
different extents. 

We have come round to the point, of view that it is unneces¬ 
sary to determine the diameter of single fibres, and that all 
work sliould be done by cross-sections. Let a bundle of fibres 
be embedded in colloidin and a cross-section cut of the bundle 
mount; the cross-section will be presented r)f a large number of 
fibres which will have come, say, from the same seed. The 
diameter can be got by the eye-piece micrometer in the usual 
way, but a better method would be to take a photomicrograph 
of the whole to a known magnification and measure from the 
photo praph. 

Similarly the average diameter for the plant may be got 
by making the original bundle of fibres from the various seeds 
in the plant. In studying the inheritance of fibre diameter in 
cotton, some such method must be adopted. 
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Diametbb in millimktbbs. 


No. oi‘ ! 

Int^^rnodo. i 

Fihvo. 

No. 1. 

! 

No. 2. 1 

N(». 3. 

Nt). 4. 

1 1 


OOiOO 

0‘0i5:} 

(►(►238 

0-0204 

o ! 


00170 

0*01:10 

(►•(►153 

O-0119 

*> 1 

• > 1 


0-01 :jo i 

0*01:30 

0-0204 

0 0170 

4 

T— 

0015:1' 

0*0130 

0-0187 

(►•0187 


g- 

0015:} 

0*0102 

0-0119 

0-0136 

a 

5' 

0-01:30 

0-0110 

0-0136 

0-0136 

7 


o<n:30 

00110 

0-0238 

0f>170 

S 


0-0170 

001:30 

0-01,53 

0-0221 

u 


00130; 

001:30 

0-0204 

0-0119 

10 


o-oi:30 

0-0119 

0-(H70 

0-0119 

Av. (liam. Istl ojronp of ton 

0-0110 

001:30 

0-0180 

0-0158 



±0-0<t08 ±0-0009 

±0-0019 

±(►•0020 

11 


00170 

0-0136 

0-0136 

0-0119 

12 


0 0136 

(►•0136 

0-0153 

0-0136 

i:i 


(►•0170 

0-0153 

0-0153 

0-0136 

1^ 


(►0153 

0-0119 

0-01531 (►•(»136 

15 


(►•0170 

0-0136 

(►•013(ii 0-01,53 

k; 

o ' 

(►•(►153 

0-013(! 

00204 

(►•01,5.3 

17 

'5 

(►•(►i:j(; 

0-(1102 

0*01 rio 0-0201 

IS 


(►•0170 

(►•0I3(i 

0-O221 

0-0136 

10 


(►•(►136 i 

(►•0136 

0-0170 

0-0170 

20 


0-((153 1 

(>•0136 

(►•(►204 

(►•0170 

Av. (liam, 2n(l 

^roiipof ten 

0-01.55 i 

0-0133 

0(1167 

0 0151 



0000 jd= 0*0010 

±0-(>017 ±0-0017 

21 


1 0 0136j 

(►■(►153 

0 0170 

0-0153 

22 


1 0-((136l 

00136 

0-0221 

00170 

2:i 


( 0-0153 

(►•0119 

0-0153 

0-0153 

24 

to 

! 00153 

0-0153 i 0-0204 

0-0102 

25 

O-i 

1 0-0187 

0-0136 

0-0221 

0-0102 

20 

o 

00170 

0-0102 

0-015o' 0-0085 

27 

su 

o 

0 017(( 

0 0153 

00136 

0-0170 

2S 


0-0187 

00136 

0-01.53 

00136 

20 


0((170 

00153 

Of>119 

0-0204 

;io 


(►•0170; 

i 

0 0136 

0-0136 

0-0153 

Av. (liam. Ord j i^roiip of ten 

00133 ! 

0-0138 

0-0167 

00143 

; 


zbO-0007 IdrO-OOll 

±:0-0017 

±0 0020 

Av. (iiain. of 

ihre in mm. 

0-0155 I 

0-0134 

0-0171 

0-0151 



±0-0005 i±0 0005 ] 

1 i 

±0-0012 

±0-0013 
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Diameter in Millimeters. 


No. 5. 

No, f). 

No. 7. 

No. 8. 

No. 9. 

No. 10. 

0-0204 

0-0136 

0-0170 

0-0153 

0-0170 

0.0136 

00170 

0-0170 

0*0170 

0*0170 

0*0187 

0 0153 

0 0238 

0-0119 

00130 

0-01.36 

0*0170 

0-0102 

0-0170 

00153 

0-0136 

0-01.53 

0-0204 

0*0102 

0-01.30 

0-0153 

0-0170 

0-0136 

0-0187 

0-0153 

00221 

0-0102 

0*0170 

0-01.5.3 

0-0170 

0-0136 

0-0136 

0-0136 

0*0153 

0-015.3 

0*0187 

0-0153 

0-0136 

0 0119 

0-0153 

0*0153 

0-0170 

0-01:16 

0-0170 

00170 

0-015:1 

0-0136 

0*0170 

0-0119 

0-0102 

0*0130 

0*0119 

0-01.36 

0*0153 

0*0187 

00168 

0-61.39 

0-0153 

0-0148 

0-0177 

0*0138 

±00022 

±0-0012 

±0-0911 

±0-0007 

±0-0009 

±0-0016 

0-0119 

0*0153 

0-01.53 

0*0170 

0-0102 

0 0170 

00170 

0-0136 

0-0119 

0*0136 

0-0187 

0*0170 

00153 

0-6170 

0*0153 

0-015.3 

0*0170 

0*0170 

0 0221 

o-oi:36 

0*0153 

0*0119 

0*0170 

0*0153 

0-0221 

0*0119 

0-01,53 

0-01.53 

0-0187 

0-0187 

0-0170 

0-0102 

0-01 :}6 

0*0153 

9 0170 

00119 

O-020I 

0-008.5 

0*0153 

0*0170 

0*0153 

0*0187 

00187 

0-0119 

0*0119 

0-(M7() 

0*0153 

0*013i; 

0-015:1 

0-0102 1 

1 (^*0153 

0*0170 , 

0*0170 

0 0170 

0-0119 

00119 

I 1 

0*0170 

0*0153 1 

0*0170 

0*0170 

0-0172 

0-0121 

0-0116 

0 0155 ; 

0-016:! ; 

0-016:1 

±0-0017 

±0 0015 

±0-0009 |±0-C('ll 

±0-0019 

±0-0014 

0-0119 

0-0119 

0-01.53 

0*0136 

0 0170 

0 0170 

0-0136 

0-01.53 

0-0136 

0*0170 

0-0170 

0-0119 

0 0102 

0-0153 

0-0170 

0*0170 

0-01.53 

0-0136 

0 01.53 

0-01:36 

0 0130 

0*0170 

0-0170 1 

0-0153 

0-0170 1 

0-0102 

0*0153 

0-0170 

0-0170 

0-0153 

0-0170 I 

0-0136 

0*0187 

0*0170 

0-0170 

0-0170 

0-0170 

0-0119 

0-0153 

0-0170 

0-0170 

0-0170 

0-0187 

0-0119 

0-0102 

0-0153 

0-0170 

0 0204 

0-0187 

0-0119 1 

0-0102 

0-0136 

0-0170 

0-0119 

0-01,36 

o-oi:36 

0-0170 

0-01.53 

0 0170 

0-01 :i6 

0-0153 

0-0129 

0*0140 ; 

0-0160 

0-0168 : 

0-01.53 

±0-0016 

±0-0007 

1 

±0-0014 I 

±0*0008 

±0-0005 ; 

i 

±0-0016 

0-0164 

0-0131 

0-0148 

0-0154 

0-0165 

0-0151 

±0 0011 

±0-0008 

±0-0008 

1 

±0-0006 

±0-0011 

±0-0010 


Mean diameter of ten fibres from one seed, 0 01,52 mm. ± 
0'0005 mm. or 3'28 per cents. 
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Notes on Bekaking Points with Special Repbbhnce to 
THE Breaking Points op Cotton Fibres. 

In mechanics tlip breaking point is expressed in terms of 
tlie force per unit area at whicdi a bar breaks, e. g., the number 
of pounds of force with which a bar 1 sq. inch in cross-section 
must be pulled in order that it may just break. It is obvious 
that for a complete investigation of the strength of cotton fibres 
we should follow out the same course, as thereby all differences 
in ‘ diameter ’ are allowed for. 

Thus—that cotton will perhaps be good commercially which 
•n adrlition to suitable lengtii and twist 

] has the smallest ‘ diameter * 

2 has the greatest tensile strength, say, in grams per 
sq. millimeter. 

For rough purposes it might be sufficient to express 2 in terms 
of the stress per unit breadth, e. g., grams per millimeter. 

Owing to the fact that the elaborate machines which are 
used for breaking point determinations were not available for 
our work, we have made for ourselves a simple yet accurate 
apparatus, which is described later. 

The chief difiiculty encountered in investigating the break¬ 
ing point was the devising of a suitable clip to grip the ends of 
the fibre investigated. 

We tried two plans, viz.:— 

(a) Use marine glue on two flat surfaces, say, a small suitably 
shaped piece of tin (see Fig. 1). 

r aba r 

\ L I i / 


ii—marine ^Ine 
1)—fibre 
—tin 

Fig. 1. 

The advantages of marine glue are : (1) its comparatively low 
melting point—the cotton is not heated to an extent which will 
interfere with its breaking point. 

(2) There is a small amount of yield at the support. Both 
these points obviate the great difficulty in all breakingpoint 
determinations, that the material tested breaks just at the clamp. 
A result obtained in such circumstances should be at once 
rejected. 

The disadvantage of the marine glue process is that the 
weight of the glue on the clip varies from time to time and, if 
the instrument used is such tnat the weight of the clip must be 
known ; this disadvantage means that the clip must be weighed 
each time. Our experience is that the difference in weight for 
a series of determinations is so email that it may be neglected. 

(b) Use a tie-clip or some such clip, the jaws of which have 
been faced with rubber by means of seocotine. This clip is 
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easily used and its weight is constant. The rubber grips the 
fibre firmly, but in such a way that there is practically no trouble 
of breaking at the clip. Its great disadvantage is its compara¬ 
tively high weight (aoout 4 grams). The breaking point of all 
fibres that we have tested has been greater than this, but the 
big weight makes handling difficult once the fibre is between the 
clips, as a small jerk with one of the clips hanging loose causes 
the fibre to break. A lighter clip weighing about 1 gram and 
faced with rubber would seem to be ideal. 

With suitable clips numerous methods of testing the fibres 
become possible. Wo mention below an apparatus that we have 
found practicable. 

Description .—The principle of the apparatus is that of the 
spiral spring such as is used in a Jolly b ilance. The spring should 
be sufficiently sensitive to extend about 1 cm. for every 1 gram 
load, and strong enough to stand at least 20 grams load without 
permanent distortion. Such a spring is made by winding No. 24 
S.W^.G. German silver wire round a tliermonjeter case tightly, 
each turn of wire touching the preceding one. The winding is 
continued till about 0" of the case is covered with wire. The 
resulting spring is about J-metre long when lianging under its 
own weight. The ends of the spring are bent in so as to coincide 
with the axis of the helix. The diameter of the helix is about 9." 
Mounting the spring on a vertical stand, it may be made use of 
in two ways, viz: (1) read with the eye, (2) self-recording. 

In the first of these cases a cross-wire is fixed on the bottom 
straight bit of wire and a clip is fixed on the bottom. The spring 
is then calibrated to show the relation between load and exten¬ 
sion. A mirror scale is used for observations of the cross-wire. 
One end of the fibre to be tested is put in the clip, and a second 
clip from which hangs a scale pan is affixed to the other end. 
The scale [)an should be very light. Ours was made of celluloid, 
and consisted of an oinment pot-lid. Sand is poured into the 
pan in small (plantitles at a time. From the reading at which 
the iibre breaks, tlie breaking point can at once be told. 

Il will be seen that given the apparatus, this method is 
simple, and v/e find it veiy ai^curate. The eight of the clips 
is immaterial provided they are not too long. We find this 
method fairly rapid, once some notion is obtained as to the 
neighbourhood of the breaking point. The sand can be run into 
the pan in an almost continuous fine stream. 

A more rapid, but slightly less exact method is self-recording 
modification. Hero, instead of the cross-wire and scale, a piece 
of paper is placed on the stand and the cross wire is replaced 
with an ink-laden brush which presses against the paper. 

Thti zero position is marked before fixing on the clip and pan. 
Sand is run in, and the brush is carried down, drawing a line on 
the paper. Immediately the fibre breaks, the brush shoots up, 
and the line on the paper terminates. The length of the line 
gives the breaking point. More speed can be obtained if, instead 
of loading the pan with sand, it is simply pressed down with a 
finger until the fibre breaks. Care must, however, be taken in 
this case to avoid any jerks. 
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It will be seen that this apparatus is easily made, and is 
accurate. The objections to it are (1) that it is big, and (2) the 
spiral spring is very sensitive and therefore easily damaged. 
Strictly speaking, it should be calibrated and its zero tested every 
time it is stretched to nearly its elastic limit. 

Diticiitisioti.—Jn a Sea Island cotton, what is wanted is :— 


1. a strong fibre, 

2. a fine fibre, 

3. a long fibre, 


4. a fibre with a good amount of twist, 

5. uniformity in respect of the above characters. 

From a mathematical point of view ], 2 and 4 are correlated, 
though 4 will probably not affect the ultimate tensile strength. 
If satisfactory work is to be done, some such accurate way as 
that describea above must be adopted. Having now got such an 
absolute standard, an endeavour can be made t© correlate 
‘strength with some other more easily measured (juantity. 
A point which must be considered before any comparative 
results are obtained is how far atmospheric conditions (e.g., 
especially humidity) affect the breaking point. This considera¬ 
tion is probably of prime importance. Strictly speaking, what 
is wanted is the area of (iross-section. Tlieii with the area and 
breaking point determined, the strongest fibre is that for which 

breaking stressis biggest. It is difficult to 

measure the area of cross-section, but it- is essential for absolute 
work. 


1 II 



U 0i;<U mm. 


Fig. 


O’Ul.SU inm. 

*> 


It will be seen fniiii Fig. 2 tliat a fibre with (iross-section (t) 
is stronger than a fibre with cj-oss-section (11). 

Since the * diameter * in both these cases is the same, they 
sliould j'ank as ‘ good * and ‘bad ’ in strength, and yet by suppo¬ 
sition they have the same) material, anel, having the same (li.anieter, 
should be eejually good as regarels spinning. Of the two, the 
first is really the better, provided that the increased ‘ depth ’ floes 
not interfere in any way with spinning (e. g., by spoiling the 
twist and giving rigidit.y). A comparison of these two eases 
show’s the reason for Balls’ cuiichision that the higher the weight 
the greater the strength. 


If increased * de]>tb ’ does not interfere with spinning, then 
the first IS the bettej* fibre, and this wdll be brought out by de¬ 
fining the breaking stress relatively to the * diameter ’ thus : — 
,, 1 ,. , 1 . breaking force for fibre 

" diameter or fibre. 
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This, however, cannot be regarded as absolute in any way. 
For example, there may be two fibres of the same ‘ diameter ’ 
and breaking force, but one with less ‘ depth ’ than the other. 
The latter is obviously the better fibre yet by the relative break¬ 
ing stress tliey are equal. The superiority of the latter is sliowii 
at once when tlie absolute method is used. 

Balls* statement * The lieavier lint’s the stronger * is some¬ 
what loose. The weight of a thing is a function of its density and 
volume. "Jlius for comparative purposes the word ‘ heavier ’ 
involves several things (density, length, • dismeter,’ * depth.’ 
Which of these is it that is responsible for the inia-eased strength V 
(c.f. above). If we rule out the length as having no influence, 
we are left with the diameter and <lepth discussed above, and 
density. i\ll three of these ])robabl\^ come into play in deterin- 
ing strength. 

NOTE. Since the above was written we have discovered 
that the sectional method of obtaining fibre diameter is in use 
by workers in India, and we cannot therefore claim credit for 
devising a new method. 

A new book, The Develojjment and Proj^erties of Raw Cotton, 
by W. L. Balls, has appeared also since these notes were com- 
})iled. Many of our statements must be modllied by his conclu¬ 
sions, We have, however, preferred to keep what was written 
unaltered, since a statement of cotton pi-oblems from another 
point of view is perhaps helpful to other workers. 

At the conclusion of the reading of these papers the Pres¬ 
ident said that the general conclusion was that the most 
experiment station workers can do at the present in the West 
Indies is to determine mean maximum length, uniformity of 
length, and lint index. 

Mr. A. (). Thurston asked whether it was possible to deline 
the difierenc(* between immatur'' cotton and ripe (cotton. The 
President, in reply, stated that that information could be obtain¬ 
ed from Balls’ book TJk' Development and and Properties e/’ Rao' 
Colton. The great point was, he Si»id, that strength did not 
appear in cotton until the twenty-first day. and that it goes on 
increasing from the twenty-first to the forty-second. Thus if 
(jotton is picked before the twenty-first day it will be veiy weak. 
The maximum strength was attained in about forty-five days 
from tht? setting up of the (iorollo. 

In connexion with the correct time for ])icking Hen. J. S. 
Holdings (Nevis) stated that he had ret*eived a specilicatioii of 
a patent whereby the bolls can be picked befoi‘<‘ they open and 
opened afterwards ly chemical means. Such cotton was stated 
to Im*. cleaner, stronger and belter in every respect than if it 
were, ;illow(*d to l ipen and open in the usual way. 

Dr. If. A. Teupany then r«‘ad the. following note on twi;>t 
in relation to the fineness of St*a Lsland c,otton ; — 
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A Note on Twist in Eelation to Fineness 
IN Sea Island Cotton. 

In cottons the classes of fibres which are encountered may 
be divided under three heads :— 

(1) regularly twisted fibres, 

(2) irregularly twisted fibres, 

(3) fibres with very little if any twist. 

All of these have been seen in all cottons examined, but the 
relative proportions vary in individual instances. It should be 
added that individual fibres may exhibit all three types of twist 
at different points of their length. 

In coarse or relatively coarse cottons the proportion of 
regularly twisted fibre is higher than in those of the finest type. 

xMr. Balls has pointed out that fineness is probably a function 
of the thickness of the cell wall of the fibre, while twist is due to 
the presence in the cell wall of transversely placed pits, which as 
the fibre dries exert a transverse pull and cause the twist in ques¬ 
tion. It would seem that the thinner the cell wall the more shallow 
will be the pits, and in consequence the smaller the twisting 
force is likely to be. 

8ome idea of the thickness of the cell wall can be obtained 
by examining the fibres under the microscope and, by careful 
focussing, measuring the edge of the ribbon of the fibre at the 
point where it turns over at the twists. If the fibres are com¬ 
pletely collapsed this will be twice the thickness of the cell wall. 

Mr. Balls has also pointed out that in fibres of equal diameter, 
the thinner the cell wall the greater will be the width of the 
resulting ribbon of fibre after collapse. This will be seen in 
measurements of the width of the respective ribbons commonly 
but erroneously termed the diameter of the fibre. Consequently 
it follows that irregularly twisted fibres should show a greater 
width of ribbon but a thinner edge than regularly twisted fibre. 
That is to say, that the irregularly twisted fibre, within limits 
prescribed ]>y tlie original diameter of the uncollapsed fibres, will 
serve as a direct measure of the fineness. 

It is characteristic of of the fine cottons that they (jontaiii 
a high proportion of iri*egularly twisted fibre, as has been shown. 

Fibres with very littlu twist appear to be those which have 
not collapsed completely, 8o far as my own experience goes, the 
finer and better the class of cotton the smaller the number 
which is encountei’ed. 

Dr. Tempany then said that one or two points had 
occurred to him in connexion with Mr. Harland’s paper. The 
first was in relation to the measurement of lint lengths. 
In the Leeward Islands it had been the custom to measure 
cotton by pulling the cotton lint from the seed, laying 
it on a baize-covered board and measuring the two longest 
pulls. Balls in his book suggested that in preference to 
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pulling, the fibre should be combed out all round into 
a halo. This method had been tried in Antigua and it had 
been found that by the halo method the average lengths were 
2 mm. shorter in every case than obtained in the pulling method. 
Dr. Tempany had found that by the halo method the work 
could be done more rapidly than by the pulling method. In 
connexion with the combing method it would appear that a great 
deal more fibre is detached from the seed than one is warranted 
in regarding as waste. That had been got over in Antigua some 
years ago by holding the seed by the lint; in that way only the 
weak fibre was broken and the strong fibre was not detached. 
This makes a considerable difference in the measurement, some¬ 
thing like 50 per cent. 

The President said he would like to point out that 
Balls’s new method of measuring lint gives us the average length 
with great rapidity, but he thought that the method lost sight of 
the variation that may occur as the result of short fibres, as seen 
when pulling the cotton, as was the method adopted in the West 
Indies. He thought that Balls’s method might be suitable for 
Egyptian cotton, but one or two points required further explana¬ 
tion before it could be satisfactorily used for Sea Island cotton. 
He thought that the halo method might be substituted for 
estimating the average length, but that the pulling metliod should 
be retained for determining the variations in length. Summing 
up, he said it was clear that in practical experiment station work 
the only three things that it was necessary to do in selecting types 
of cotton were the determination of (1) length (a matter which had 
just been under discussion), (2) the amount of available fibre, and 
(8) the lint index. After referring to Mr. Harland’s statement 
concerning the correlation between lint index and lint percentage, 
the President called attention to the question of strength. Balls, 
he said, had entirely upset our ideas about strength, by point¬ 
ing out that when the spinner talks about strength, he is not 
referring to real breaking strain. When a broker pulls cotton 
and breaks it, it is not the strength of the break that he is deter¬ 
mining, but the manner of the break. Another point was the 
difference between the strength of th(‘ individual fibre and the 
strength of tin* yarn spun from it. Vani strength is the only 
strength worth recording. Cotton is made to be s[)un. If it 
spins well it is good cotton; if it does not spin well it is bad. 
Thus it. is usiiless to select cotton for the tensile strength of the 
fibre. Himilarly, when the broker talks about fineness he does not 
mean it in the ordinary sense of the word ; he means cotton -that 
will spin fine yarn. The President thought that if these meanings 
were nob fully appreciated and remembered, there was every 
possibility that a great amount of laborious experiment station 
work might be done in vain. In answer to a (juestion put by 
Mr. Maloney (Nevis), the President ])ointed out that cotton fibre 
is seldom broken in pulling. The tensile strength of cotton is 
greater than the tensile strength of steel. When yarn is broken, 
what happens is that the fibres lose their grip and are pulled 
away from each other. The President then asked whether, in 
addition to the determinalions that had been decided were neces¬ 
sary and desirable in cotton selection, anyone present wished 
to suggest any additional ones. 
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Mr. T. Jackson (Antigua) asked whether it would be possible 
to add spinning tests. This was discussed later. Dr. Tempany 
suggested that it would be unwise to discard the broker’s linger 
test which had been used in the Leeward Islands, and with 
success, Hon. J. S. Hollings then made observations concerning 
lack of unirorniity of t.vvist causing unequal distribution of strain. 

In connexion with Mr. Hollings s remarks, the President said 
that the matter had been very carefully dealt with by M r. Balls 
in his recent book. The President thought it would be a wise 
decision to continue to employ the broker’s finger test as suggested 
by Dr. Tempany. This should be used as a means of determining 
what the brokers denominate strength, or wliai is sometimes 
called the amount of snap. 

Mr. S. C. Harland (St. Viiutent) said that, provided the 
selected cottons were also subjected to the spinning tests, he 
agreed with the suggestion. But lie thouglit it would be very 
unwise to reject on theoretical grounds pure selections which had 
been spun and produced superior yarns of cotton that were 
already graded as good. In tliis connexion reference was made 
to Mr. Balls’s remarks on * ugliness ' in sanqiles of cotton. There 
appeared to be considerable danger that good cotton miglit be 
underestimated by the grader through too much weight being 
given to * associative ’ features. The pure strain cotton, such as 
was being produced in Egypt and the West Indies must he 
examined diherently, and on a diHerent basis from that employed 
in the case of the impure or so-called ‘ commercial ’ strains. 

Tlie President thought that tins fact explained why 
sometimes some West Indian cottons are not well reported by 
the broker even though it is felt in the West Judies that tlic 
cotton is good. It also explained why when some West Indian 
cottons had been bought rather cheaply on the broker’s valuation, 
the spinner found they worked up better than anticipated. 

Hon. R. L. Warneford (Antigua) tlien asked whether 
cotton was judged and sold by the final spinner’s test or the 
linger test. In answer, the President said it was sold practically 
on the huger test, but there was some reason to believe that 
cotton bought by the spinners did not always come up to tlieir 
oxfiectations in spinning ; the reverse might also occur. Revert¬ 
ing to the subject of spinning tests which had been brought up 
by Mr. Jackson, the President tliouglit the introduction of these 
was extremely necessary. It appeared that model niachinciy 
of the laboratory ty]:»e could not be devised for testing the 
spinning value of cotton. Spinning could only be done satis¬ 
factorily on a large scale, and experiments in a mill were difficult 
to perforin owing to the fact that interruption in the working 
would be very inconvenient. The spinners, moreover, had not 
yet a[>peared to realize tlie Jieed for sjiilining tests, and were not 
over sympathetic towards them. But, largely through the 
influence of Mr. Me Coiiiicl, he thought that this would cliaiige. 
In fact it was olivious that the spinners were coming i-ound to 
the scientific aspect of things, as indicated by their Iwiviiig secured 
the services of Mr. Balls as advisor. 

Tlie President said he thought it would be useful if the 
spinner would furniBli him, as Commissioner of Agriculture, with 



information as to the results of spinning different marks of 
cotton sent from the West Indies. Mr. 8. W. Howes (Montserrat) 
said he was sure the majority of planters would appreciate such 
action very much. The Commissioner then put to the Conference 
the following resolution :— 

• Resolved ,—'fhat the Imperial Commissioner is luiieby 
authorized to write to the British Cotton Crowing Association 
or the Fine Spinners and Doublers* Association, re(jue8ting them 
to furnish to him confidentially, for transmission to the cotton 
growers who may so desire, detailed information, so far as it is 
obtainable, of the behaviour in the mills of particular marks of 
cotton, and as to the quality of cotton required by them ’. 

The members of the Conference signified unanimous assent. 

Pests and Diseases of CorroN, and Their Control. 

In opening the discussion on this subject, the PRESIDENT 
said lie thought that previous discussion had shown that cotton 
is not threatened with any general epidemic wdiich is likely to 
be disastrous to the cotton industry as a whole. There were 
however diseases which required careful consideration. Before 
proceeding to consider West Indian pests and diseases, the Presi¬ 
dent thouglit it would be stimulating if Mr. Ballou, the Ento¬ 
mologist to the Department, gave a brief account of the Mexican 
boll weevil, and its spread in the United States. This pest was 
a menace to the American Sea Island cotton industry, and its 
steady spread and the campaign against its spread presented 
features of great interest. 

Mr. BallOD then gave first a short historical account of the 
spread of the boll weevil from Southern Texas northwards. It 
was discovered in Southern Texas in 1892. The Governmenl 
failed to declare a <|uarantine line, and since 1892 the pest has 
spread year by year through the cotton-growing areas of the 
Southern States doing enormous damage. Every time the pesi 
has struck a new area it has reduced the output of cotton in that 
area about 50 per cent. A remarkable feature is, that of recent 
years the yield of cotton per acie in the infested areas has gone 
u[), due to the introduction of better systems of cultivation- 
changes necessitated by the pest with a view^ to its control. 
Mr. Ballou then indicated on the map the progress of the spread 
of the boll weevil from Texas to Oklahoma and Arkansas, 
Louisiana, Mississippi, Alabama, Western Florida, and Georgia, 
with the certain prospect of its proceeding on to South Carolina. 
Mr. Ballou estimated that it would not be later than 1922 before^ 
the Amei-ican Sea Islands, which are just off the coast of South 
Carolina, would be infested by the boll w(ievil, resulting in the 
disappcaraiK^e of the American Sea Island cotton industry. In 
conclusion, Mi*. Ballou [)ointed out the grave responsibility which 
would rest upon anyono importing material from America likely 
to carry the pest, though, as a matter of fact, tliei-e was some 
reason to believe Unit in those islands the boll weevil might not 
assume H«ich serious pro[»oi-tions as it did in the Southern States. 

The President, in remarking on Mr. Ballon's observations, 
said that the control of the boll weevil by changes in methods of 
cultivation was, on a smaller scale, paralleled by the planting of 
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cotton in Antigua at a certain period to avoid the flower-bud 
maggot. The President then asked Mr. Nowell, the Mycologist 
of the Department, to make a statement concerning the internal 
boll disease of cotton—a serious affection which is very widely 
spread throughout the West Indies, the importance of which has 
only recently been realized. 

Mr. Nowell said that, this boll disease had been recognized 
in Montserrat for many years, but its exact cause had not been 
definitely cleared up. The unique feature about the internal 
boll disease was that the bolls appear on the outside perfectly 
healthy, even up to the stage when they ought to be opening 
and showing their ripe cotton ; but within, in the later stages, 
one or more locks of the boll contain only rotting material. 
Such a condition was difficult to account for, as boll diseases 
generally start from the outside and spread from the wall of the 
boll to the cotton within. It was first suggested by Mr. Robson 
that there was some connexion between the disease and the 
occurrence of cotton stainers. The experiments which had since 
been carried out proved that there is a necessary connexion 
between cotton bugs and internal boll disease. This had been 
demonstrated by both Mr. Robson in Montserrat, and by Mr. 
Harland in St. Vincent. Mr, Nowell went on to say tliat the 
disease and its transmission were of very great scientific interest. 
In nearly all cases examined by him there was present 
a particular fungus with very peculiar and distinct characters, 
though in some cases bacteria only were found to be pi'eseiit. 
The present information was, he said, that the disease was 
always associated with this fungus or witli bactteria, and that th(^ 
disease does not occur unless there have been cotton stainers or 
other bugs sucking from the outside. The exact way in whicli 
the organism obtains a(;cess was not yet definitely known, but it 
was probable that it is carried by the cotton stainer. From 
a practical point of view the control of the disease was obviously 
bound up in the control of plant-feeding bugs, espe(;ially the 
cotton stainer ; no bugs, no internal boll disease. Mr. Nowell 
added that in Barbados, where the cotton stainer does not occui*, 
he had found intei’iial boll disease associat(?d with the green bug. 

Mr. Ballou tben proceeded to make a few remarks concern¬ 
ing the cotton stainer problem. He had to confess tliat the 
control of cotton stainers was at present inadeijuate, lAji* 
a considerable time eertain treatments-r-hand colleidion, using 
special Forms of collecting receptacles and tins containing water 
and kerosene, spraying the young stainers early in the season, 
putting down trap heafis—liad been tried with a certain amount 
of success, but somctbiiig more was necessary before there could 
be anything like satisfactory control. With regard to the life- 
history of the cotton stainer, Mr. Ballou said there was only one 
point in respect of which there was some doubt, and that is the 
exact place, under natural conditions, where the female lays her 
eggs. The cotton stainer, Mr. Ballou added, was one of the few 
groups of insects of which scarcely a single natural enemy was 
known, but recently one bad been reported from Peru. As 
regards control, Mr. Bullou thought that the destruction of old 
cotton bushes, and particularly the destruction of the wild plants 
on which stainers feed when there is no cotton were the most 
likely ways of keeping down the pest. 
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Considerable discnssiou then followed in oonnexion witli 
tliese last two points. Hon. Tl. L. WaRNRFORD (Antigua) said 
tliat he liad experieiiced sudden invasions of the ootton stainer, 
and he believed that in liis dist rict they (tame from trees known 
as tlie (iafiiboge* which grow on the seashore. Mr. Malonby 
said that in Nevis after the (iottoii (Top has been gathered 
Stainers are seen on tlie pliysic nut tree. Mr. K. P. PENCUEON 
(Montserrat) said tliat. in his opinion, the only way to destroy the 
cotton Stainer is to destroy the wild plants on which they feed, 
and tlie old cotton thoroughly, and have a chxse season. A great 
deal had been olone in Montserrat in this direction, more perhaps 
than was generally realized. Mr. Pencheon said tliat, Mr. Howes 
had had a good deal of experience in controlling the cotton 
stainer. In regard to Mr. Nowell’s remarks, Mr. Pencheon asked 
whether bolls could be infected by needle pricks as well as by the 
sucking of the stainer ; in other words, whether it was definitely 
proved that the stainer carried the disease, or whether disease 
got into the boll after the punc^ture was made. 

The President said he thought it was conclusively proved 
that the puiu'ture of the IkjII by plant-sucking bugs results in 
boh rot'; and the practical point was that the planter had to 
destroy the thing which punctured. 

Mr. Howes (Montserrat; said that about three years ago 
they had experienced on his estates a sudden invasion of cotton 
Stainers during the planting season. He endeavoured to discover 
what kept them away from previous crops. In the district, 
trees known as the (iamboge or Seaside Mahoe were found 
serving as sources of food supply to the stainer, and every 
effort was made to destroy these trees. Another plant on 
which the stainers lived in Montserrat was the Hibiscus, 
kno\\n in Montserrat under the name of Twelve o’clock. On 
these, Mr. Howes said, cotton stainers could be found every day 
in the year ; he had collected staineis by means of a cotton seed 
bait trap, killing the stainers afterwards by boiling water. The 
trap was set at night. In the day time it is necessary to 
cover it over, as the stainers do not like the sun. 

Mr. Sampson said that in Nevis the cotton stainer was 
(tarried over from year to year through the peasant proprietors 
allowing their old cotton to stand over. He considered there 
ought to be some legislation making the destruction c^f cotton 
t rees at the end of the season compulsory. In answer to a (]ues- 
tion put by the President, Mr. Sampson said that old cotton 
bushes could be found at the present time, that is to say, outside 
t he season, with stainers upon them. 

Bon. J. S. Holdings (Nevis) said that he did not consider 
any Government was justified in making the destruction of 
cotton bushes compulsory, provided they were yielding to the 
planter a satisfactory crop. In order to obtain good yields he 
depended upon a lengthy picking season, or perhaps planting 
late. Mr. Hollings had obtained success by hand collecting of 
stainers. 

Mr. Harland (8t. Vincent) said that most of the stained 
cotton shipped from 8t. Vincent was due to internal boll disease, 


Theitpesia p^pulnea. 
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and that the percentage of stained lint was increasing from year 
to year. Witli i*ogard to liand-picking of cotton stainers, his 
personal experience was t liat in St. Vincent it is not effective, 
ror one reason tlic ana amt. of labour was not adequate. Mr. 
Harland said tliat lu* did not think it was tlie number of stainers 
that mattered so mucli, as ilie extent to wliicli they were 
f*harged with the disease. At tlie present, time in St. Vincent 
it seemed that the new generation of stainers was not so virulent 
as the previous one, lie was extremely pessimistic about the 
value of hand-picking as a measure of controlling internal boll 
disease. It was true that band-picking kept down the number 
of stainers, but it did not lessen the amount of disease. 

Dr. Temuany (Leeward Islands) referred to an epidemic of 
cotton stainers in 1913, and called attention to the I'acd. that the 
})oinl bad been raised that stainers are kept under (control by 
parasitic mites. He expressed agreement that ilie most satis¬ 
factory way of keeping down stainers was to have a close season 
for (rotton, and to destroy" the wild plants on Avliieb the stainers 
feed. 

Mr. Shepherd (St. Kitts) asked whether it is possible to 
have cotton stainers without the presence of boll rot. Mr. 
Shepherd had seen cotton stainers very prevalent in St. Kitts 
but had not come across the internal boll disease, f 

Mr. Nowell, in reply to the questions that liad been asked 
in regard to the infection of bolls, said tliat he ha<i received liolls 
Trom Mr. Robson wliich liad been pricked with a needle, and 
altliongli there was a certain amount ol* staining of the lini 
around the puncture, this staining was, as far as lie could find 
out, ]mrely meclianical and not due to infestation with any 
organism. Mr. Nowell called attention to the fact tliai puncture 
by the setae of tlie stainer causes proliferation, tliat is a kind 
of warty growth, on the inner wall of tlie boll. Internal boll 
rot always starts from such a point. On the otlier hand, these 
proliferations can he found without any boll disease, showing 
that some stainers may carry the disease and some may not. 
Mr. Nowell, referring to Mr. Shepherd’s question, said it Avas of 
great interest that the disease was not had enough to merit 
serious attention in St. Kitts. In Montserrat, and in St. Vincent 
the disease was very bad at certain times and places, and yet in 
St. Kitts it was not noticed. No explanation of this (;ould he 
given at present. 

The President then said that that would close the 
discussion for the present, so far as pests and diseases of cotton 
were concerned, and that the Conference would adjourn until 
10 a.m. the next morning, when questions relating to tlu^ 
commerce of cotton would he brought up for consideration. 

The Commerce of Cotton. 

The Conference was resumed on Thursday, March 16, at 10 
a.m. In opening this session, the President said that the 

tliitemal boll disease was demonstrated as existing in St. Kitts during the 
course of the Conference. 
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subject for consideration was tlie Commerce of Cotton. This 
would involve discussion concerning the metliods best calculated 
to secure I’easonable prices for cotton, having regard to the 
circumstances of production and consumption : also dilliculties 
that have been experienced in the past in (ionnexion with the 
sale of (‘ot toM. 

Hon. U. L. WAlINBKOUn (Antigua) tben i*ead a resolution 
wliicli he had been asked by growers in the island lie was 
representing to put before the meeting—‘That the Antigua 
delegates to the fortlujoining Cotton Conference should bring up 
foi* discussion, if circumstances permit, the long delays which 
fre^juently elapse between the date on which advices of sales of 
(^ot/ton art‘ received in Antigua and the arrival of the proceeds. 
The delegatees were directed to enquire whether similar difficul¬ 
ties are encountered in other islands, and to endeavour to take 
some steps which may be calculated to improve conditions in 
respect of proceeds and account sales’. Mr. Warneford quoted 
one instance where 29 hales of cotton had been sold in September 
1915, while up to March 11, 1919, no account sales had been 
received. Mr. Warneford admitted that this was an extreme 
case, ))ut at the same time there did always exist a general delay. 

Mr. S. W. Howks (Montserrat) said that the same trouble 
was experien(‘ed in Montserrat, but not perhaps to the same 
f'xtent as occurred in Antigua. 

Mr. K. P. PKN(airx)N (^lontserrat) said he thought that in- 
(umvcnience was felt more in the case of ]>eople who are 
aw.aiting a(‘count sal(‘s to make .sidtlemcnts : in his (*ase when he 
had been advised of sales he could make sett lenient s without 
awaiting accumiits from the British Cotton (Growing Association. 
In Montserrat, growers could draw on the merchants, and no 
( harge was made on the account sales. The position was, no 
doubt, diflereHtiii Antigua where the grower dealt through the 
hank. 

Hon. R. L. AVarneford supposed that the money in the case 
of Montserrat was paid in England. Mr. Pencheon stated that 
it came hack to Montserrat. The Hon. R. fj. Warneford then asked 
what would happen if account sales on cotton were drawn on and 
in the meantime tlie money was remitted to Montserrat. IMr, 
Poncheoii replied that the di*aft would be accepted without any 
hesitation, Mr. S. W. Howes (Montserrat) was in accordance 
with Mr. Penclieori’s remarks. Mr. J. R. Year wood (St. Kitts) 
said that tliese might have been special terms to Messrs. Howes 
and Peneheon, whicli would not be extended to growers in other 
islands. In reply to a general question put the President, 
Mi\ Yearwood said that he also had experienced delay in the sale 
of cotton. 

The President then asked if it would be sufficient if he wrote 
to the British Cotton Growing Association, pointing out the views 
expressed, and asking that attention might be given so as to min¬ 
imize the delay as far as possible. 

It was agreed that this would serve the purpose. 
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Primage, 

Hon. R. L. Warneford (Antigua) «aid he had another 
resolution entrusted to him, wliinh read as follows : ‘ That the 
delegates from Antigua should draw attention of the members of 
the Conference to the difficulties which are experienced in 
recovering primage paid on shipments of cotton consigned to the 
British Cotton Growing Association by growers in Antigua, and 
to enquire whether similar difficulties are experienced in other 
islands, and to endeavour to arrive at some means of ensuring 
a more satisfactory condition of affairs in this respect in the 
future Mr. Warneford went on to say that delay in Antigua 
was excessive. They had just received primage for shipments 
made in 1913-14, while primage for shipments made in 1912 still 
remained unsettled. Mr. Warneford went on to^explain that 
primage is a charge iif 10 per cent., in some instances 20 per cent.., 
additional freight on the actual freight charge. This extra 
charge was recoverable every month by the shipper. In the case 
of the British Cotton Growing Association, they pay the freighr 
and they recover the primage ; if the growers paid the freight 
they would recovei* direct. What Mr. Warneford complained of 
was delay on the part of the British Cotton Growing Association 
in recovering it. 

Mr, K. P. PbncheoN (Montserrat) pointed out that primage 
is only charged when cotton is shipped continuously by the 
combined line of steamers. Possibly some trouble might arise in 
connexion with transhipment. Mr. Warneford thought that no 
complications had arisen in that direction. Mr. A. O. Thurston 
(St. Kitts) said that he experienced no difficulty in the matter. 
He shipped his cotton to his agents and they made the recovery. 
Similarly, Hon. J. S. Holdings (Nevis) shipped cotton to his firm 
in London, Mr. K. P. Pencheon raised the question as to 
whether the necessary papers had been sent in to the British 
Cotton Growing Association. Mr. W’^arneford thought that every¬ 
thing had been in order in that respect. 

It was finally agreed that it would be sufficient if the Presi¬ 
dent wrote to the British Cotton (Growing Association calling 
their attention to the matter, and asking them that it might be 
dealt with more promptly in the future. 

Hon. R. L. Warneford (Antigua) then read another 
resolution with reference to the increasing difficulties in regard 
to labour supply. The PRESIDENT ruled that it was rather 
beyond the scope of the present discussion, and requested that 
its consideration should be deferred. 

Suggested Co-opbrahon between Growers and 
Fine Spinners. 

Hon. R L. Warneford (Antigua) then put before the 
Conference another resolution which had been entrusted to him, 
having regard to the desirability of forming a Cotton Growers* 
Association in Antigua.* 


* Since the above resolution was put forward a Cotton Growlers’ Associa¬ 
tion has been formed in Antigua, (see Agricultural News, Vol. XY, No* 376). 
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In connexion witli the above resolution, tlie PRRsn>ENT said 
that before it was discussed he would like to put before the 
Conference a wider suggestion related to some extent to Mr. 
Warneford’s proposal. In proceeding, the President said the 
first thing in connexion with his idea that it was desirable to 
know, was whether the Fine Spinners and Doublers’ Association 
are, or are not, practically the sole buyers of Sea Island cotton. 
One thing it was very iiectessary to realize was the distinction 
between the functions of the Fine Spinners and those of the British 
Cotton Growing Association. The Fine Spinners ai'e the actual 
buyers and users of cotton ; the British Cotton Growing 
Association is simply an organization to encourage the produce 
tion of cotton and provide machinery for facilitating its market* 
ing. Prior to the war some of the mills situated in France and 
Belgium were also linked up with the Fine Spinners and 
Doublers’ Association ; some, however, were not, though after 
the war it is possible that all will be drawn into the combination. 
The President thought it was fairly well established that the 
Fine Spinners and Doublers’ Association wore practically the 
only buyers, and that it established one of the premises underly¬ 
ing the suggestion he was unfolding. The President asked the 
Conference if they did not think it, possible that sometbing in the 
nature of (U)-operat ion c.oiild be establislied between the gnawers 
and the l)uy(u*s ; a state in which the gi*owers become the pro¬ 
ducing side of thi‘ business, and the spiniiei's the (ronsuming and 
using side. The President thought that the Fine 8])inners might 
be approached on t he assumption that they are aware, within 
reasonable limits, of the amount of cot ton wliich they are likely 
to use during the next, year. It was a well known fact that the 
asscxaation seldom buys for immediate use. The spinners might 
therefore be asked if they would enter into soni-» arrangement 
with tlie growers which would be mutually beuelicial. The 
President suggested that the spinners should inform the growers 
as to wliat area to be planted, would meet their recjuirements. 
The essential point was that the price for the cotton would be 
fixed, or at least bargained over, before a single seed is })lanted. 
This would naturally make the growers' position as bargainers 
much stronger than it was at present,, when they had to accept 
ultimately wliatever price the spinners care to oiler. If the 
spinners refuse to give pric^es which the growers considered 
reasonable, tlie growers (‘ould refuse to plant any (X)tton at all 
and substitute alternative crops like sugar-cane. The position 
of the British West Indian islands would be strengthened in 
this matter of bargaining by the fact that the production of 
Sea Island cotton is rapidly declining in the American Sea 
Islands. Eventually the West Indian islands might constitute 
the only source of Fine Sea Island cotton, and they would 
therefore hold the monopoly. The President thought a great 
deal would depend upon a proper combination between the 
growers themselves, and in this connexion cotton growing 
associations in the different islands would be of value. 
An annual meeting could be held like the present conference, 
composed of delegates representing the different associa¬ 
tions, and they would be in a position to talk over 
their interests and make strong representations to the 
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spinnors. But tliere waf? nothing to prevent the individual 
i^rower or firm Irving to make hisi bargain with the Fine 8pin- 
ners, altlioiigli that would not. he the* sl.rongest position to take 
lip. The Pnjsident believed that t.liei*<? would be important 
advantages in sncli an arrangement for tlie spinner ; it would 
tend to provide him with wdiat. is so mu.di sought after, namely, 
nnifornuty iu regal’d to type and shipimuit, and no anxiety as to 
supply. Tlie spinner would not be subjeot to the tiuctuations of 
the market, but would have his cotton coming in all the time, and 
would have things equalized on assured prices. It is possible 
that the grower might not get those prices which would be paid 
when there is a marked shortage. On the other hand, the 
grower would be protected from low prices which are paid 
when there is a gbit. The President, said that they had see^i 
evidence t hat the Fine Spinners were anxious about, their supplies 
of Sea island ( ottoii of the fut ure. The visit of the late Mr. 
t'onda t.o the West Indies, repivsenting the Fine Spinmu’s ami 
I)oii)>k'rs’ Association, was signilicant. in this respect. The 
President was under the impression that the Fine Spinners had 
lieen entertaining the idea of acquiring estates in the West Indies, 
just as they had acitually accpiired estates in the Mississippi 
Valley. He did not think that Sea Island cotton estates run by 
t he Fine Spinners would answer either from their point of view 
or from that of the pre.sent growers ; Imt he was (pertain of this : 
that if there is any likelihood of a serious reduction in acreage, 
or if the West Indian growers remain unfriendly and in business 
opposition to the Fine Spinners, they will try to see how they 
ean light the West Indian grower, and, hacked up by capital and 
sf^ieiitilic advice, they might dire<*t. t-heii* intlnem*e tf) other places, 
for instance, to Kgy]it. The President thought, therefore, that 
it was worth <*onsidering whether it mighl not h(‘ ])ro(itahle for 
t.lr^ growers to make the Fine Spinners I.Ihmi* allies working in 
ro-operation and hei’oming a ]iartv to tlie eoneeni. rather than 
outsidei’s who might, he threatened with otlru* cMunpetitors whom 
the Fine Spinners might he eneouragiug against tie* West Indies. 
I’lie JVesident called attention to the fact that he was making 
these proposals entirel 3 ^ on his ow n authority ; he had had no 
communication with the Government, nor was he making thesi* 
suggest ions in his official capacity as Commissioner. Tliere was 
one thing h}^ way of detail whicli he would like to refer to, and 
that was the fixing of prices on the basis of types. The brokers 
could be induced, lie thought, to select types ot cotton, and when 
the grower forwarded liis crop it could he compared with the 
types of cotton and paid for according to the standard. This 
would greatly reduce delay in effecting sales. Any question 
concerning the agreement of the buyer and sellei* as to whether 
(;otton was or was not of a particular type (jould be settled, if 
necessary, by arbitration—a thing wliioh is of flaily occurrence in 
the short staple market. In concluding, the President said he 
would like to hear any criticisms or amendments or suggestions 
anyone present would care to make. 

Hon. J. S. Hollings (Nevis) thought the President’s 
proposition an extremely valuable one in itself, and also as regards 
the results that were likely to accrue from it. He referred to the 
action taken by the Fine Spinners in regard to the guarantee of 
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prices, and thought that growers would get higher prittes next 
season without a guarantee. He thought it should not 
he forgotten that the British Cotton Growing Association 
consists largely of Fine Spinners and Douhlers and, therefore, 
their views and dealings were likely to he somewhat prejudiced in 
favour of the users rather than in favour of the growers. At the 
same time he thought the President’s suggestion of co-operation 
well worth following up. 

Hon. R. L. Wabnefokd (Antigua) thanked the President 
for the suggestion, and stated tliat he was prepared to fall into 
line whether it applied to the present crop or the one which was 
<o follow. 

The President hastened to point out that he had made n«> 
suggestion as to the niaehinery to be provided for taking the 
steps to asciertain whether the Spinners and Doublers aiv 
inclined to make such t\. bargain. What he wished t o know was, 
if the idea put forward ap}>ealfMl to the grower; and. if il did, 
what steps should be taken to give effect to it. The Presirlent 
did not think it was a matter that, could be dealt with hurriedl 3 ^ 
but was one which should be carefully considered before an\^ 
definite action was taken. He thought it would be best to 
defer any further discussion until the next dav, in order to allow 
delegates time to think over the matter. 


PuK Es OF Cotton. 

Jn connexion with t his subject, the President made a few 
remarks which are briellv summarized below. After the out- 
lu’cak of war there had been a good deal of anxiet v as to whether 
the Fine Spinnei-s would be able to cai-iy on their work ni* not. 
With the help of the British Cotton Crowing Association the 
Fine Spinners were indneed to agree to take the ciirnmt st^ason’s 
ero[), and 18d. per ll>. was oflered for Ht. Kitts ordinal y cotton. 
ITiat gave St. Kitts a strong hold on cotton growing, having 
been singled out for producing a special type of eott.ou. The 
spinners agreed to give all other places 1 Id. per 11)., which was 
a somewhat crude arrangement. The President said that, as soon 
as this was announced, he made efforts to persuade the Fine 
Spinners to drop geographical distinction and to base prices 
upon type : this they agreed in principle to do, hut the spinners 
stated that each island .seemed to have its own particular 
characteristics ; so that the geographical and type arrangements 
appeared to give practically identical results. Tiie point is that 
geographical distinction goes very closely with t^^pe. Even so, 
the President thought that geographical distinction ought to be 
dropped, and type, as a basis of valuation, adopted instead. 
In regai^ to the forthcoming cotton season, the President said 
that the Chairman of the British Cotton Growing Association 
did not advise, this year, another application for a guaraiiteeil 
price ; he was strongly of opinion that planters would do better 
i)y not binding themselves to minimum prices. This was a very 
favourable sign and indicated that the conditions of the Sea 
Island cotton market were not unstable and would be likely to 
strengthen after the war. The recent sales of superfine cotton at 
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soniotliing likf^ i)0d. per lb. ?4lio\ved that for tins olass of cotton, 
at least, there does not .appear to ))e mucli weakness on the 
Wancheater nuii ket. 

This e<»nfhided tin? diseu^sion on tlie ( ^oinnierue of Cotton in 
re^^ard to tlie present session. The PRESIDENT announced that 
the next siihjei i which would en^a^je atlentic^ia was the Cultivation 
and Klannring of ('otton. 

Mantuial Exuertmrnts with CVTTOX. 

The rRESIDENT askt*d Mi*. F. \i. Sliejdierd (St. Kitts) to 
read a pa[)er ou the results of inauui’ial e\])erinieuts with cotton 
condiu'ted at Jja (Juerito in St. Kitts. 

RESULTS OF MANURIAL EXPERIMENTS WITH (OITON 
( ARRIKl) ON AT LA GUERITE, ST. KITTS. 

Maiiiirial experiiuonts with cotton have heen carried on in 
St Kitts since tin* year 1901. They weie <»rig;inally laid out 
accoi'ding to a scheme agi'eed upon between the Coinmissioiier 
of Agri(‘ultiire and tin* Sujicrinteiident of Agriculture for the 
Leewai’d Islands, ainl were designed it> .aseerlain the require- 
nients t)f the (U)ttoii plant as i-eganis (1) iiitrogf*n, (2) phosphates, 
(‘i) potash, (4) salt, and (o) the iiiHuence ol sulphate of coppei*. 

These expei'iments weiv originally t hii tydivt^ in number, and 
were laid out at Fa (xuerite. and two estates in St. Kitts; but 
aftpi* tJie first year those on the estates were discontinued, and 
the expei’imcnts (toniined to La Onerite. tin* mt*tliods of control 
being more satisfactory. 

The original nuinlK‘r of thirty-live experiments were carried 
on until the season of 1911, when those witli salt and sulphate 
of copper were disc^ontiniied, the result being of little value. 

The remaining twenty-seveu have heen cai-ried on continu¬ 
ously ill dupli(^ate, up to the pi*esent- time. 

Full particulars of these experiments have heen published in 
tlie WeM Indian Bulletin (Vol. VI, p. 247 ; Vol. VII, p. 283; 
and Vol. X, p. 2(59), and in the Reports of the Rotanic and Ex¬ 
periment Stations hut it may serve a useful purpose briefly to 
review the manner in which they have been (‘arried on. 

The field in which these experiments were laid out in 1904, 
had previously heen in peasants* canes, and had received no 
manure of any kind for many years so far as (jould be ascertained. 
The plots were at first laid out in triplicate and planted at 
different seasons, but since the season of 1910-11, the experiments 
have been conducted in duplicate and planted on same dates. 

These experiments have been carried on each year on the 
identical plots for twelve seasons, during which time no other 
crop has been grown on the land, iu»r has any manure been applied 
other than that in the manurial scheme, except in the year 1913, 
when a crop of horse beans (Canavalia emiformin) was grown 
on tlie plots, and turned under as a green dressing. 
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The manures were applied each season in the following 
manner. The pen manure at the rate of 200 barrels, or about 
] 5 tons to the acre, was put in under the bank a short time 
before the seed was planted, and the artificial manures were 
applied a few days after the seed germinated, the manures being 
put round each plant at a depth of from 2 to 3 inches. 

To distinguish the plots a path of 2 feet in width separates 
them on either side, and rows of pigeon peas were planted to 
prevent the pickers making any mistake in picking the cotton. 

The cotton from the plots is picked under careful supervision, 
and the results from each plot tuilered at once in a book kept 
for that purpose. 

A diagram has been prepared giving the results of these 
experiments for tlie })ast season of 11115-16, and the average 
results for tlu twelve seasons. On this will be seen the manures 
applied, the yield per acre of seed-cotton for past season, with 
difference on no-nianure plot, and the average^ for the twelve 
seasons, with the diffei ence on no-manure plot. 

These results indicate that under the conditions existing 
at La (Tiierite. with a loose open soil, the application of manures 
to the cotton plant does not exert the beneficial influence that 
would be expec^ted, as o\ er an average of twelve seasons the no- 
nianure plot lias given a retni-n (jf 1,223 It), seed-cotton per acre, 
which is practically the same as tJie average from all the plots 
viz., 1,254 It). seed-<a)tlon, and only in one instance, plot t), has 
there })een an incr(‘a.se in yield of Itt ptu* cent. 

Taking the lesults of the past season it will be seen that in 
some instances, j)articularly in tlie })en-manurc plot aiui tliosc 
manur<‘d with coni})Iete artificial maiuires, then* lias hf*on 
a marked iiiciease in the i*(‘tnrn of .se<*d (;otton ])er acre, the pen 
manure plot giving a return nf 1,665 II). seed-cotton pci aiUT, 
or an iir-rease of 21 ji(‘r cent., over the no-niannre plot, and ph)t 
No. 6, coinplett* artifi(tial manures, a. ret urn of 1,5115 H). of seed- 
i*ottoii, or an increase of lit per cent, over the rio-iiianure ])loU 

In thirteen ]jluts there has been an increase of 10 percent, 
and in six piotstlier«‘ has been a decrease of 10 [)cr ctmt., on tlie 
no-manure plot. 

The average yield of seed-cotlon per acre for the area under 
experiment, 2 acres, was 1,371 ll»., and the return IVoin the 

no-manurc |)lot was l,3i(^ lb., or practically the same. 

These experiments are being continued on the same lines, 
and should prove of considerable value as indicating the limit up 
to which this land can produce [laying crops ofitotton without 
maimre, and also the [leriod that cotton can be cuntiniiouslv 
grown on the same field with good results and freedom froiii 
nisr‘ase. 

After the above [)aper had lM*en read, Dr. H. A. TeajI’ANT 
(Leeward Islands) said that the maniirial experiments conducted 
at La Guerite for tlie past twelve years constitute bj'far the 
most complete investigations of the inaiiurial reciuireinents of 
cotton in the West Indies, ife pointed out that the general 
result of similar cxpcriineuis conducted in MoiiUerrat, and in 
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earlier years in Antigua, were the same: the effect of with¬ 
holding manures compared with their liberal application is 
very small. Dr. Tempany added that he thought that root 
range might have something to do with the results obtained at 
LaGuerite. In this friable soil, root range is extremely great, 
particularlj^ in a horizontal direction. In the heavier soils of 
Antigua the root range of the cotton plant is more limited, and 
is practically confined to an abrupt tap root. It would be 
obvious that with a widely extending root S 3 ^stem the plant is 
drawing on a much larger area of soil, and would therefore be 
more independent of artificial supplies. There was another point 
too, namely that the cotton crop removed a very small amount 
of plant food from the soil, and therefore was not an exhausting 
(Top in the sense that sugar-cane was. 

JMr. S. C. HarlanI) (St. Vincent) then made a few remarks 
(HI inaniirial experiments commenced in that island in the season 
1912-13. He said the plots were |-acreiu size, and (dght different 
series or combinations manures were applied ; the plots were 
in triplicate—three iio-manurc and three for each combination, 
and in computing the results the average of each three is taken. 
In the first season, 1912-13, the results were so discordant that 
nothing could be definitely inferred. In 1913-14, however, 
a positive result was shown in all cases for the manure, and the 
increase in yield per acre ranged from 162 Ib. per acre in the case 
of 30 tb. of potash, 40 tb. phosphoric acid, 60 lb, cotton seed, and 
in advance of 44 H). per acre when nitrogen was supplied, that is 
30 lb. sulphate ammonia, potash 30 lb., and phosphoric acid 40 lb. 
In the last season there was again a considerable increase. From 
the use of a complete manure, namely, 30 lb. nitroge]i, 30 lb. 
potash, and 40 H). phosphoric acid, an increase of o04 lb. seed- 
cotton per acre was obtained. The next largest was 228 lb. 
seed-cotton per acre increase from 30 Bb. of potash and 40 Jb. 
phosphoric acid, and the others came gradually down until the 
minimum gain of 94 lb. of seed-cotton over no manure was 
obtained. The speaker thought it was evident that these 
experiments showed that when cotton is grown on the same land 
for, say, three or four years, an adx antage is likely to be gained 
by the use of manure. 

A short discussion then took place between Mr. Shepherd 
and Mr. Harland iii regard to the reliability of the St. Kitts 
results, Mr. Harland maintaining that more than one no-maiiure 
plot in each series was ncciessary. Mr. Harland also thought- 
that some revision was necessary as regards present methods of 
determining yield. It would be better to count the floweis, 
perhaps, rather thaji to attempt to measure the lint eventually 
obtained. 

Dr. H. A. Tempany asked how far black boll disease was 
likely to affect manurial experiments. 

Ml*. S. C. Harland said that in St. Vincent, cotton aphis 
.seemed to interfere most, with the plots under his control, par- 
(iculai’Iy Ihc no-maiiure plot.s. If cotton aphis is prevalent the 
plants ij('V('r retfovor from it; a complete manure gives the plants 
a. good send off and they got rid of the aphis ipiicker. The black 
Ih> 11 disease is also a very important interfering factor. 
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W. Nowell (Imperial Department of Agricultiu^e) 
asked Mr. Shepherd and Mr. Harlaiid if they could furnish any 
information as to the visible effect of manures upon the habit 
and growth of the plants. 

Mr. Shepherd said the no-nianure plot this year in his 
experiments was particularly noticeable for the small size of the 
plants, but they averaged about forty bolls to the plant. The 
pen-manure plot gave bushy plants, which grew large and 
flowered well. 

Hon. J. S. Hollinds said that his experience as a practical 
planter entirely confirmed Mr. Shepherd^s as regards the value 
of manuring. 

Mr. H. A. Ballou (Imperial Department of Agriculture) 
called attention t o the possibility of there being a parallel between 
aphis on cotton and thrips on cacao. Thrips were found on 
cacao generally when the trees are growing in poor soil under 
unfavourable conditions. 

The pREStDENT, in suniniing up the manurial re(|Uirements 
of cotton, said the general tone of the remarks ajipeared to be 
that, while manures in a general way do not seem to have 
produced increased yields where the soil is maintained in good 
condition, still it is desirable to apply organic manures for the 
maintenance of tilth. In certain cases, as in 8t. Vincient, where 
cotton has been grown on the .same land year after year, green 
dressings and even artificial manures may be very necessary. 

The President then introduced for discussion another but 
related subject, namely, Potation t>f Cotton with other Crops, 
particularly with the Sugar-cane. 

Mr. A. O. Thurston (St. Kitts) thouglit that the sugar 
industry suffered to some extent through cotton being grown in 
rotation. If laial which had previously been in cotton had been 
planted in leguminous cover crops instead, it would be a better 
form of preparation for cane. The industry also suffered in 
cases where the reaping of cotton was late, because then the 
sugar-cane could not be planted as early as was desirable. He 
thought, however, that the combination of cotton and cane 
cultivation as practised in 8t. Kitts had paid, notwithstanding 
that the, land suffered somewhat. In reply to tlio Prcsideiii. 
Mr. TJiurston said that about one-third of the arable land 
had gone over to cotton ]uodwction. Cotton s(‘ed was I'Xported 
by some of the ginneri<*s ; a portion of it, however, was fed to 
cattle locally. 

Mr. J. K. VbarwuoD (St. Kitts) said that pigeon peas used 
to be planted formerly, but the practice adopted now was for the 
fields to be cut off while tlie crop was low and cultivated, and then 
green diH'ssings wej'c planted. 

iMr. K. K. Hhei’LERD (St. Kilts) said his experience was tli;*l 
where i*olton is [danled at the right time and taken od'at the 
right tune, cane can be advantageously planted in rotation with 
eottoii. He mentioned liiighton and Douglas estates. [>arlit!idar- 
ly tJi(‘]aller, wIuTe eot-lon has Im-cii sucerssfully grown as an 
intermediate crop with cotton, for the last twelve years, and 
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/said he would be gorry if as the result of this discussion the 
idea were to obtain that cotton planting in St. Kitts had a dete* 
riorating influence upon cane cultivation. 

The President said that it was necessary to draw a dis¬ 
tinction between the St. Kitts practice of planting cane after 
cotton, and regular rotation. As arising out of tlie discussion, 
he thought it would be opportune if Mr. Harland (St. Vincent) 
read soiru* notes he had prepared on the Anderson oil expeller 
now operating in St. Vincent. The object of this appliance 
was to secure for niajiurial purposes a quantity of cotton seed 
meal, and at the same time to increase the returns from cotton 
cultivation by extracting and exporting the oil. 

Mr. Harland then read the following notes :— 

Notes on the Anderson Oil Expelj.fr and Equipment 
Installed at the Government Central 
Ginnery, St. Vincent. 


The export of practically all the cotton seed produced in 
Sc. V incent was (‘onsidered to lx* a very unwise policy from an 
agi*icultuial stand-point, d'he arguments in favour <»f retaining 
the valuable cotton-seed meal in the island as a food for stock, 
and as manure, were many, but one fact ahme, namely, that 
local supplies of })en and other organic manures wej-e insufficient 
tf) juaintain I Ju‘ fertility of the land planteci annually in staple 
crops, induced the Goveriuneiit to take up the matter. 

From inrormation gleaned from Mr. J. W. McConnol, vice- 
Chairman of the Fine Cotton Spinners ajjd Doublers’ Association, 
it was understood that there was a machine in use in the IJjiited 
8tates of .Vmericra which dealt eflecTively with 8ea Island c()tt()n 
seed in a sinqih' manner. Fn(|uiries win-e made, and it. was found 
that the machine rcterred t<» was the Au(bn*son Oil K\j)eller. 

So satisfactoi'v were the replies ]-ec(*i\ ed to various questions 
addressed to the makers of the expeller, and also from c^ertain 
oil millers using the niachin(\ that it was decided to obtain one 
for the (h)v<‘rnmeni (Vmtral Ginnery; this wasihnie last year 
(1915), and the Fxpeller. together with certain other Jieeessa]*y 
machines, was instailed in a. .special building then . 


The initial co.st of the enterprise \Aas about ^ltl,5t)U, made up 
as follows ;— 


55 c. 

Anderson Oil P^xpeller with a Foots 

elevator and tempering ap}>arat.us 2,400 (K) 

Continental Delinter—100 saws 

with magnet ... ... ... . . 250 00 

Dynamo for charging magnet, ^ h.p. ... 35 00 

Diamond Huller to grind seed for expeller 130 (X) 

Blackstone Crude Oil Engine—30 h.p. ... 1,590 00 

Shafting, pulleys, conveyors, belting, etc. 310 00 


Total, with freight included ... 5f4,715 00 

£982 5«. lOd 



807 


In addition to this, the cost of erection of machinery, build- 
ings, oil tanks, etc., represented an outlay of a further sum 
of £500. 

The method of working the machinery to produce cold 
pressed cake, meal, and crude oil from the cotton seed as it 
comes from the gins will be brietly described ; but it can be 
readily undtirstood that full practical details of the various 
operations, and of the ruiiDing of the machinery could not be 
given in notes such as these. 

The seed as re(;eived in the expeller building [possesses 
a considerable amount of lint which may vary in weight from 
one to 2 R>. per cwt. The seed must be separated from this, so 
it is lirst of all passed through the delintei*. So soon as it is 
delinted it is lifted by means of a bucket elevator to the diamond 
huller, which roughly breaks and crushes it. From this machine 
the crushed seed is now passed by means of a worm shaft to 
the top of the expeUer. The expeller may be descriljed under 
three heads, for the pur-pose of these notes : — 

(a) Tempering apparatus, 

(b) Expeller* proper, 

(c) Foots elevator*. 

The temper*ing apparatus is built up over t he exrreller and 
(tousisls of a 8t(s*im jacketed tr-oiigh with a worm eonveyoi*. The 
obj(M-t of this pari of the machine is Ur heal the crushed seed to 
a tempei*atiir'e of about lob F., regulate the moistur-e content of 
it and pass it to tlu^ feed hopper f>f the ex])elJei* in the best con¬ 
dition for the (‘xtraetion of the cake and oil. The efficient 
conti’ol of this temjrering [)!*oeess is most important, for should 
tlH‘ stu‘d 1 h‘ dried too much, the m(\‘il will not clog or cake 
pi-op«u*ly on its discharge: if too wei. it will he too soft. 
Again, shouUl the setid be not heated to the r*ight temperature, 
the yi(‘ld of oil will lui iirisatisfaetory. It, should he mentioned 
that the steam supplied to the jacket is taken from the boiler of 
tJre ginnery’s steam engirif*. 

The seed, treate‘d as <lescr*ibed alrove, is now passed to the 
exfreller, whieh is a eornpaet and simple machine and easily rnii 
om?e. the necessary initial cxper*ieirce has l)een gained. The 
pritKjiple tiiifler* which tin- expeller performs its work is «|uite 
novel, its essentials are a worm shaft i*c\olvirig in a barrel, or* 
eylinder, which is ])owci‘fnlly constr*ucted and lim^d with steel 
bars. Between the har*s are small spaces (, Ainch) through 
whieh the oil exudes as a restdl of lh(‘ great pj-essui*c- exerted on 
the seed as it is sei*ewed forward tirrough the harr-el. At the far 
end ol the barrel the meal is delivered fi-oin a <*om* in the form 
of pieces of cake about I-irrch thick. 

The crude oil as it Hows from the barrel carries with it par¬ 
ticles of the soft par ts of the seeds oi* * foots as they arv termed, 
and it has therefore to he sti*ained. To dt) t his and to convey 
back the ‘ foots to the feed hop]M*r, a ‘ fools’ elevator is called 
into play. This is an ingeniously eonst)-ucb*d bucket elevator 
which besides meehauieally collecting the sti-ainiiigs takesThem 
away and feeds them irrto the to]) of tire expeller with the healed 
and eriished seed, so that the oil which they contain is again 
expelled. 



The subsequent processes through which the oil and cake 
received from the inacliine pass are quite simple. The oil is just 
settled in tanks for a few days before shipment. The cake 
is either run through a disintegrator straight from the expeller, 
without further treatment, and converted right away into 
a meal for use as a stock feed or manure, or it is stored to be 
dealt with wlien rec^uired. 

Tlie advantages gained by using the Anderson Oil Expeller 
for Sea Island cotton seed may he summed up as follows : — 

(a) Cold pressed oil and (jake are produced at reasonable 
cost witli tlie minimum amount of trouble. 

(h) No cooking of the seed, such as takes place in the 
hydraulic mills, is necessary : llierefore, a heller 
grade of crude oil easier to reline is producjcd. 

(c) Better milling results are obtained in using the 
(‘xpeller with clean (H)ated cotton seed, such as Sea 
Island and Marie Oalante, than with liydraulic 
matdiineiy. 

(<1) The s[)ace occupied hy the machine is small, and it 
takes oidy Irom to 15 h.p. to run it. 

Ill regard to fa), the daily running expenses of. the wliole set 
ot machinery work out at about per day when ginning is in 
progress, and steam (^an he ohtaineil They would he consider^ 
ably higher if the expeller Imd to he run when the giiiuerv s 
steam engine was idle. The cost of supervision, interest on 
capital, packages, etc , ai e not iiujliided. 

A disadvantage is that a single machine is nhitively slow 
in action and hut 2 tons of seed per day of nine liourscan he dealt 
with, yielding say, 85 gallons of crude oil and d. lUO It), of cake. 

At the present time the ginnery is paying growers JlS'dd 
per ton for tlieir seed and returning to them J,7(K) ft), of meal fre^‘ 
for each ton purciiascd. 

1 am unable to give a fair statement of working results 
because last season a start had to he made with inferior and stale 
st‘ed, of poor oil content: hut this season so far, after twomoniJis’ 
working on fresh se*d. the results have hecii quite satisfactory. 

The IhiKSIDENT })ointed out that the machine operahss on 
tile principle of the ordinary meat mincer. Tlie machine is verv 
elective, very simple, and allbrds an example ol* a linishing 
process whereby raw material is convau'ted into useful pi'oducL 
The Piv^ident added that last year’s working had been iinsatis- 
lactory, hut that was not .attrihiitable to the inacliiiu* : the seed 
had been iiift‘i*io»- and th(‘ had character ol‘ the sc(ul had hcen 
t ransmitted to tht‘ oil, which was ol a very dark e(dour. The 
point to iemem])er however, was, that it was not. the machine 
hut the seed tJiat was at lault, a- cinuimstanei^ wliitdi would not 
recur. Keplyiiig to Dr. U. A. Tempany, the IVesideiit said 
tliceost of erect,ioii was £5(lh, iiiehidiiig tlie c(»st of the huilding. 

Tile Conference tlien adjourned for luneheon. 



Habits of Gbowth of the Cotton Plant, 


Ou resuming, the Pbesident asked Mr. Nowell (Imperial 
Department of Agriouitiire) to take up the (piestion of the pro¬ 
duction of a particular type of cotton for a particular purpose. 

In proceeding, Mr. Nowell said tliat the habit of growth of 
the cotton plant was a subject whi(jh had a v ery important bearing 
on certain questions of cotton cultivation. In the first place, 
habit was closely related to early yield. The advantages of an 
early yielding type of cotton had been referi ed to in previous 
discussions, and the most important direction in which it would 
be of value was in the avoidance of internal boll disease, for it was 
<mly late in the season, after the cotton stainers had increased 
in numbers and distribution, that the internal boll disease caused 
severe loss. Then in respect of St. Kitts, Mr. Nowell pointed out 
t he value of an early yielding type in relation to the inteicrop¬ 
ping of cotton with sugar-cane. After referring to tin*, fact 
that manurial treatment affects the habit of the cotton plant, Mr. 
Nowell said that while a Moncxjotyledonons plant? like the cabbage 
palm might be regarded as one extreme in relation to habit in 
flowering plants, the cotton plant with its complicated bud systeni 
and ability to respond to environment stood at the other extreme. 
In considering type, it is necessary to remembei* tlie difference 
between fixed hereditary characteristics and those impressed 
upon the plant by environment. There is in any plant 
a hereditary constitution which limits its power of reac¬ 
tion to its environment. In regard to cotton, there ociciir in the 
West Indies two distinct liabits of branching in the hereditary 
sense : there is the perennial habit and the Sea Island habit . 
If the growth of the Sea Island cotton plant is followed from the 
seed, the axis of the plant will be observed growing up and the 
leaves developing on it. From this axis there arise the primary 
branches, and here conies in the Hrst (tomplication Avith respect to 
cotton, and that is, these primary braiicnes may be of one or the 
other of two distinct kinds. A branch may occur that develops 
in the axil of the leaf and grows straight out and again produces 
leaves arranged as on the main stem. Such branches in the Sea 
Island cotton plant are commonly known as laterals. These 
do not directly bear any ffowers or bolls. The other type of 
branch which develops alternately is one whicli groNvs out to 
a shoi'ter length, produces a leaf near its apex, and then the actual 
main line of its axis ends in a llower. That bi’ancli can go no 
Fnrtlier, but by the lime tlie llower has opened and set its boll, 
tliere grows out in the axil of tlie leaf a brancli exactly' (comparable 
witli that from th« main stem, which in turn ends in a leaf and 
affower. The process may be repeated indelinitely. In this way 
is produeed the ordinary fruiting branch. It is (Optional more or 
less whether the branch which develoyjs from the buds of the main 
stem sliall be a i*epr(Klnetive branch or a vegetative branch. It 
does nut- follow that :i vegetative branch does not. jirodwHe bolls, 
liike the main stem it can send <»nt reyirodiictivc branches which 
may set one <n* more bolls ; the only difference is that instead of 
repKodnidive branches being borne on the main stem tlw'v are 
borne in a partial faslii(Mi on the ]»riinary branebes. In the 
perennial as a rule, all the lirst branches are vegetative, so tliat 
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the bolls do not appear until the secondary branches are 
developed. With respect to the Sea Island cotton plant, one 
of three things commonly happens : in the purely sympodial type 
reproductive )ranches only are produced all the way up the 
stem ; that type* is obviously in a better position to produce 
its crop early than one in which a considerable period in the 
plant’s development is spent in pnxlucing from the lower axils 
branches eom])arable with the first axis. As a rule, in St. Kitts, 
lie tliou^ht, th(* main stem was well developed, bnl- bore secondaiy 
branches (*ompara})l(* with and sometimes almost surpassing it. 
There was a thiril type which might be numtioned. although 
happily it did not often occur in rft. Kitts. That is a type in 
which tlie lower braiiclies do not develop at all, and it is only the 
upper part of tin* plant that produces bearing branches. Now, he 
said, the (|uestion was, wliich of these three types it was desirable 
to grow. He thought, leaving the third out as being undesirable, 
it might bt‘ said that of the otlier two types, it depends entirely 
upon cii cumstaiui ‘s w Inch is tlie more desirable ; but if a (juick 
yield is intended, the lirst is tiie type wdiicJi it is desirable to 

gt’ow. ;Mr. Harlaiid. lie said, had referr(*d to a pure strain 

w'liich [iroduoes only this t\'p(* of plant, and he told us that the 
iirst flower w’as produced in fifteen wrecks, and tliat the completion 
of the wdiole yield o(M*urred in tw'eiity-hve weeks from the time of 
planting. dos<*i' attention had been given to this suliject in 

America, wdicre they bad to develop this kind of jilant as 

a protection against the boll weevil, ami also in dry districts 
w'her(‘ th<* perioil of grow th was so sJiort tliat the ordinary cott-on 
plant does not have time to set enough flowers to givi* a go(jd 
crop. In careful exj.erimeuts that had been caj-ried out in 
vVri/ona, llic* result of developing this tvjie liad ))eeii that iji foi l \ 
bearing days 81 |)er cent, mon* of llowta's were jirodmajd in plants 
of the first type than in plants of tlic* second typt* : aJid taking 
tlie iminber of bulls actually - which is [lerliaps a bettc‘r imlex 
to crop though a worse index to tie* capahilititts of th(‘ ])lant 
tlieorfilically —for tlic whole period these w’ei*e from 5b to 150 pei’ 
<!enl. more in e.ompjii-able s])ots of the same held. Conhrmatioii 
of t hese !*esulls inaler West Indian conditions w^as neccssar\, 
bill lie tiiougbt, from connnon-seiise considerations and ex]>eriei)ee, 
tlie cotton plant that jjindnc.es liolls most. (jni<*kly was tin* best, 
ddien came llje second «jnostion : If it- is desirabli' to develoji 
a plant, of this type, Jiow is it to be done? There wvve twa> ways. 
In America tia* one adopted was one wdiieb did not depend on 
special sli'aiiis but on met boils of planting and enllivation. If 
plants are sown very closely in a row', tlien their natural cimipeti- 
tioii ]»rcM‘nts (he product ion of latci'als and ijiduces tJic formation 
of rcproducti\ e branches, d’iic wdiole question lias been studied 
in America for some considerable time now under Dr. O. K. Cook, 
ami they liave wamked out some results of which very interesting 
details are given. They havt» llndi* nwvs 1 feet apart and plant 
the seed very thi(;.kly, and they delay singling out until the plants 
have got ])ast the point wdien* vegetative branches can lie pro¬ 
duced from t he axils of the low'er leaves. They then single out. 
to between fj and 12 inches and Jet the plants develop. That 
is known as * single stalk ’ cotton culture and de[)ends on 
the method of cultivation. The same seed sown widtdy would 
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o:ive plants of tlie ordinary ty]>e witli latoi'als. Koi- the WeM 
Indian industry a niueli pivferahh' system wouM l)e tu plant 
a ty[»e of (cotton wliicli liad little or no liereditiux temiency 
to produce laterals at all. Mr. Harland had told tle* (’oiifereiice 
that Mr. Sands ha«l at the prest*nl t iine <levrlop»*d siirli a cotTon, 
inthesU-ain known us B.S. 'Phis had '.lie purely syinpodial 
hahit impressed upon it l»y heredity and not hy eiillivation. 
'The speaker s.ii<l he was not ad\<H*atin»^- that this particulai’ 
strain slnmld he criown to any »ijieat extent : hut the seenrine 
of it hy Mr. Sands show ed llie p<)s.sihility of such strains exist iii^r 
and hein;^* ohtained. Where it w'as desirable to hav»‘a (jiiiek 
})earin^ cotton, sneli a st rain w'oidd lie a ^reat advaiitage. 

Thtr speaker* said there was one disadvanla^<‘ (‘onneded 
with the eultavat-ion of single stalk (*otton. ami that was tlie 
greater ehanee of the (trop being spoiled hy the occurrence 
of a period of had weatlier. A «juickly maturing (u-op has 
much less chance of reeovery than a longer growdng one. 

Mr. Nowell, in (^onelusion. sai<] that lie had dfuilt witli the 
suhjefU. in as simple a manner as possible : as a matter of fact the 
i»ran(diing of the cotton plant was more eom]jliea1 ed than he had 
indiculed, lint tliat fiid m)t all'(*ct the main urgninent. Another 
point wairlliy of consideration was that the ado])tion <»f u snialha* 
tvpe of plant than w'us at |)resent grown w’onld noeessitato 
modiiieation <>f the existing system of spai.ang. and \ ields might 
he increas(Ml I’ lther than d(*creased. for t he simpl(‘ reason that 
they eonld plant much closer. It was «|uite possihh^ lor a small 
plant to [>rodnc(' us mneh cotton .as a bigger one, since (uilv a 
small [)er(*en1uge of tlio number of llowers proOuc-tal matnie 
into l)()lls. 

.Ml*. S. (\ HaulAXI) (St. Xdnctait.) said he liad (‘Xperieiiee with 
this particadar type of cotton in St. Vdmamt. As 
already men1ione<i. the internal boll disease was tlie ehief limiting 
factor in cotton production in St. Vincent. He referred to a 
ease where seed t)f the syinpodial or single stalk type was given 
to a planter and it yielded at the rate of 100 lb. seed-eotton per 
acre, wdiile owing to long<*r (‘xjiosnre to disiaise other ])lots of 
diflei'ent types fdose hy gave nimdi less than that In fact, one 
area of oi-dinarv Sea Island ga\eonly 10 lb. of clean seefl-cotton 
from 5 Jieres. 

Idle FitivSiDENT asked wlu^ther in this latten- ease the grownh 
of the plant w^as good. Mr. Harland r<‘]>lied in Ma* alfirmative, 
hut tliat the disease eventually intervened. He said he had 
noticed that most of the holls near the ground did not mat ure : 
they either hecaine aitattked by boll disease or they dropped, and 
he thought that the advantage of tlu* synpxxlial type w'us due 
to the fact that it is immune from boll shedding ; and seeondiv, 
that its leaf surface is less than tliat of tlie other type. 

Mr. F. H. SuEPHERD (St. Kitts) (*alled Mr. Nowidl’s atten¬ 
tion to the fact that quickly maturing types, and types of high 
prodnetivity w'ere their twa> pj-incipal objectives in selecting 
ordinary Sea Island cotton in St. Kitts, and lie did not tliink the 
American systeni was altogetlier necessary, or would answ er 
under St. Kitts conditions. He also referred to tJie selection 
which had been done with four- and tive-locked holls, and asked 
whether seed from these would be likely to produce cotton of a 
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low grade. Mr. Sliepherd further pointed out that St. Kitts 
eolton was oftm planted and was all picked and turned in 
giving a yield of o50 lb. of lint per acre, in a matter of twenty- 
live weeks—not much longer than that taken l)y the single stalk 
cotton. 

Mr. N^owBm.., in replying to Mi*. Shepherd, explained in 
regard to the twenty-five weeks, that it was the time given hy 
Mr. Sands as the period for the development of this type of 
cotton in one particular case. He did not suggest it as a 
standard. 

Mr. A. O. Thurston (St. Kitts) thought it would l>e very 
beneficial if they could produce in St. Kitts a quicker bearing 
(iotlon even by a month. In regard to close planting as com¬ 
pared with wide jilanting, he instanced a case in which cotton 
was planted so (‘los(‘ly on a certain estate with which he was 
concerned, as to average ihree or four times as many jdants |)er 
acre as they wei*c in the habit of planting. That (*otton did not 
(‘oine into liearing any sooner, nor was the yield as good as in 
t he case of the wider planted cotton. 

Mr. K. ]\ PENcmEON (Montserrat) referred to methods of 
singling cotton in Montserrat, and said that if a type of cotton 
could he obtained which would mature quicker than the type 
grown in Montserrat, he would like to try it. 

Mr. W. Noavell (Imperial Department of Agriculture) said 
t hat lie merely brought forward the subject ,as a suggestion, and 
tbat single stalk cotton should not be grown without trying it 
on a small scale at first, nor should the type he adopted without 
some spe(aal reason. With regard to the pi*a<dicf‘ in America, 
he said grow(*rs used of seed per acre planted in i*ows and 

thinned out until thc]>laiitR were fi to 12 inc*hes apart. After 
s»*ve!al years of <rareful experiment tlay have found that plants 
thus spaced give the biggest yield. 

Mr. A. O. Thouston (St. Kitts) said that in America they do 
not single out in tlie way that was dom* in St.. Kitts. In 
America they chop out-, and hy that method they must leave 
several plants together. 

Mr. H. A. Ballou (Imperial Department of Agriculture) 
said that in the Northern States, at all events, the hoe was used 
most skilfully, and he was sure that they could single so as to 
leave individual plants at uniform distances apart. 

It was then pointed out by Mr. Ballou and Mr. Nowell that 
the single stalk cetton was principally advocated with a view 
to providing a means of combating a specific pest, namely tlu* 
cotton Stainer, just as in the Southern States the single stalk 
f^otton was evolved witli a view to combating the f>oll weevil. 

In bringing the present session to a close, the Prksij)Knt 
said that lie would like to read an extract from Bulletin No. 140 
of the Bureau of Plant Industry of the United States Depart¬ 
ment of /ligriculture, dealing with the economic status of tin* 
Sea Island cotton industry :— 

‘ The diversity of kinds of staples and differences in length 
seem detrimental "to the best interests of the island farmers, yet 
such conditions have perhaps always existed on the islands, or at 



least since the s[)ecial varieties of seerl were propagated years a^(» 
hy inttdlii»;<Mit. selection. Tliere can he no ohje(‘lion to a few 
planters ^rowin^ tiu* exim-stapled Sea Island C'ottons if they 
< h(»ose todo so. hut it wouhl not he advisable to in<‘r(*as(* the 
])rodnotion of tliCse extra staples uinler the prt\sent eonditiojis. 
If all tlie farnieis of an}^ island would organi/(‘ for the purpose of 
growing one variety on a co-operative community basis and then 
keep their planting seed pure and the variety true to type, they 
would produce a product much better suited to the needs of a 
mill. Manufacturers could then rely on a supply of unifonn 
<]uality and length and in sufficient ipiantities to make it worth 
while to turn their attention to it. To make such a scheme 
feasible, it is necessary that the farmei- having the most desirable 
(M>tton sell his seerl to his neighbours until t^veryone is supplied. 

‘ Pei’haps I Tie most desirable length for Carolina growers to 
select, is about; 1'^ inches, as siu-h a length w(»nld remove tie* 
islands from direiU/ eonipetition with l^-iiadi (leorgias and 
hdoridas. lIoweviT, no exact, informat ion along t his line has 
been obtainable, as the (varolina Sea Island is praetic.ally all 
expor ed, and this investigation has not extend* d t o foreign 
mills and their recpiirements in cotton/ 

Cojitinning his renxarks, the President said lie wished to urge 
that in experiment station work in the West Indies it is n(»t 
nece.wsary to lind new and improved typos of cot ton: what is 
necessary is to maintain and fix the types of (uil t.on t hat occui\ 

Mr. F. H. SllRCHfORl) (St. Kitts) suggested that a committee 
( onsist ing <»f experiment station workers at tending t Conference 
should b(* appointed to consider the various points i‘aise(j in the 
<*oi rse nf the discussions in reference to methods of d(‘veloping 
part ionlar types of (‘otton. 

Mr. T. Jackson (Antigua) snppr)!'ted this snggt‘stion, and ii 
was decidt'd that, the Agricnltni'al Oilleei's preseni should hold a 
s[>eeial ineeling on the l‘ollt»vving Sat urday. Marc h IS. 

The (^juferenc e was then adjourned to It) a.ni. the next dav, 
Fi i<lay, March 17. 

Fitrther Discussion on the Commeri e of (\^j ton. 

The Conference was resumed on Friday. Marc h 17, at lU a.ni. 

In regard to the suggestion made hy the President that it 
would be desirable to try and form an alliance with the Fine 
Spinnei-3 and Doublers’ Association, Hon. R. L. WAUNEFORn 
(Antigua) said he had conferred with his colleagues, and 
they had agreed that it was de.sirahle that steps should he taken 
in the direction suggested. He therefore begged to move the 
adojJ.ion of the following resolution : — 

^ llexidved .—That this Conference is of opinion that it is 
desirable that steeps should be taken to secure the mutual interest 
of West Indian cotton gi'owers and Fine Spinners on the lines 
suggested by Dr. Watts at the meeting of the Kith instant, and 
hereby request him, as Imperial Cejmmissioner of Agriculture, to 
take such steps as he thinks desirable to ascertain whether the Fine 
Spinners and Doublers’ Association will be prepared to entertain 
proposals, on the lines of those suggestions \ 
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Hon. J. S. Hollings (Nevia) aeconde l ihe reaolnliou, which 
was carried unaniniOiiMly. 

The President said that having now a definite mandate of 
that kind, it would i>e posRihle for him to take action with a view 
to ascertaining tlie i<leas of Ih4)se concerned. 

KoUMATION of COTro>f (iHOWKHS’ AsSOriATlONS. 

IJon. It. L. Warnkfohd (Aniigiia) fornmlJy moved the 
following r(*Holnt ion :— 

‘ yiVso/ra/.“ Thai in view of the necessity for taking all 
preeautioii.s to maintain Ihe ijiiality of the cotton protiuced in West 
Indian i.slands, to safeguard t he su})plie8 of seed, and generally 
i-o secure the .safety of the industry and also the interests of 
growers, it is de.sirable ihat a Cotton Growers Association should 
i)e formed in Antigua. And further that the delegates to 
the Cotton Conference are requested to bring this Resolu¬ 
tion to the noti(v of delegates from other cot ton-growing 
islands willi a view to seeming similar action if possible.’ 

The President said he look it. that .such (tottoii-growiug 
associations would lMM)f a differeiil nature t(» the general Agri- 
cult.ural Societies. In the case of tlu^ cotton .assof*iations he 
imagined (hey would he in the nature of deliberating 
assemblies not lUH-essai ily held in pid>lic. 

TIu* rr'solution was adopt<sl. 

Bt^YlNG AND SKIXlNCi OF COTTON. 

Mr, K. P. PknCHEON (Montserrat) suggested that it might 
he possit)le to arrange for t he hiiying of cotton by samples, and 
that sales would be facilitiated if tlie British Cotton Growing 
Association could see their woy to appoint an agent in the West 
Indies for that purpose. He thought also that it would be 
advantageous if a syndicate could be formed in England for the 
handling of West Indian cotton. Tliose, he thought, wei e matters 
which should he discussed by tlie cotton growers associations to 
he formed. 

The President said he thought the idea of having an agent 
on the part of the Fine Spinners in the West Indies was a 
good one. This Would he facilitated l>y t suggested alliance 
between the growers .and Fine Spinners. Turning to the ipiestion 
of next .season’s prices for cotton, the President understood that 
growers were decaded that it was desirable to take the advice 
of Mr. Hutton, President of tlie British Cotton Growing Associa¬ 
tion, which was to tlie effect that it would be better not to ask 
the Fine Spinners to offer another guarantee of prices for next 
season’s crop. 

Mr. J. R. Yearavood (St. Kitts) thereupon moved the fol¬ 
lowing resolution : — 

‘ Resolved in the opinion of this Conference‘it is not 
desirable that steps should he taken to obtain a guarantee for 
prices for cotton to be grown this year as was done last year’. 

Hon. R. L. Warneford (Antigua) seconded the resolution, 
which was carried unanimously. 
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In closing the discussion on the Commerce of Cotton, the 
President said he would like to express a sense of gratifk^atioii 
that they had been able to meet in Conrerenee and eifket soiik'- 
thing definite and with some eonsiderable nnaiiimity wit h regard 
to matters concerning the coninierc-e of cotton, lie thought that 
what had been done at tins Conference was likely to have a far- 
reaching efle(*.t, in fact liktdy to cons()lidiit<‘ the cotton-growing 
industry in the West Indies to :i very <*oiisi(h‘ra}>le (h'gree. 

Further Dihuussjon on PesT'- and Disea^k.-^ op Cotton. 

The PUKSiDEN'l said there wciv sonu‘ ]joints remaining from 
the previous discussion oil this subject which wen* well worth 
taking np. Mr. Ballon was i-c^jiicsled to make a few observations 
as to the general outlook in rcganl to inscc^t pests. 

Mr. H. A. Ballou (Impcii ial Depart incut of Agricadtnre) 
after referring to his previous reiiuirks coiic'eniiug the 
e.otton boll wc(‘vil and cotton staiiiers, said there were 
one or two other ins(‘ctR which sliould also re(*eive special 
i*eferenc(\ In regard to leaf bli^ltcr mitt^ and the cotton worm, 
these wen* so well known as to make tiny further remarks on 
his part innuHH'Ssary. Refteiitly one or t w(» new p(*sts of cotton 
had appeai*ed. A most unusual outbreak of cockroaches had been 
exjierienccd in St. Kitts, the pt‘st eating down young cotton 
plants in the fields. Crickets in St. Kitts had also done some 
damage, and grasshoppers to a less extent. With regard to 
tliese, the poisoned bait that had heen r<*(*ominended from time to 
time liad proved a useful method of control. Damage liad been 
done in Anguilla by a grey we(‘vil. The same iuse(*t had 
given some troubh^ in Antigua, Toi'tola and Nevis. It eats the 
cotton when the ])lant is V(*ry small, and the only remedy that 
(*an be suggested is tin* u.si* of a poi.soned liait. The W(‘cvils 
often hide among the foliage at the ti])S of the hranelies of the 
cotton plants where they may be colh'cted. In all probability 
the grub is a root-feeding grub, and if then* is a large number 
of them in any locality they will pi'obably occur at the time 
when tliere is some related ])lant in tin* iiciglibonrhood on which 
it feeds. 

Mr. F. R. Shepherd (St. Kitts) made a few observations on 
the destruction of stainers by s]jraying with kerosene oil. 

Mt* H. a. Ballou said it. was .possible* that some poison 
might be found suitable for cotton .stainers. Oi-aiiges w(*T*e re¬ 
ferred to as probaljly the, best trap for siainers, as cii*ange juice, 
in a state approaching a condition of dead-ripeness, is said to be 
very attractive for stainers. 

. It was as(*ertained, in reply to (juestions by Mr. Ballou, that 
the iiniount of stainexl (jottou produced in 8t. Kitts was very 
smullj whereas in Montserrat, according t(» Mr. A. M. Heifl, the 
amount about ID per cent. ... 

Mr. H. A. Ballou said that ])(»ssibly. wlu'u the (jue*stion'was 
studied in grea.tu*‘<lcCiil, it will be rcuml that the int.i*rira] bull rot 
was present in all the islands. Thi*r(- was this to be noted 
however, that in Moiitsci rat aiul »S1. Ad]ic(‘iit, the t^vo islaiid.s 
wliei^'ilie disease so fai hail attractcil most atlcntioii, the s[)eci e 
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of cotton stainor which was prevalent was different from the one 
prevalent in St. Kitts. When cotton growing was first started in 
the West Indies, the species of cottoii staiiier most abundant in 
Montserrat was I lie white crossed one {Dyfidercm andreae\ which 
V'as abuiKhint in 8t . Kitts, and which was found in Antigua, and 
to the iiortJi and west to Jamaica ; hut now that was not the case. 
The })re(ioniinant one in Montserrat was the southern form, the 
one til at occurs alone in Grenada and Si. Vincent, and wdiich 
])erhaps occ^nrs in the Virgin Inlands along with I), andreae. It 
was somewhat significtaiil that in St. Vincent where the 
greatest trouble was experieiu'ed, Dyndarcus deJxiuneyi is the pest. 

Mr. Shephkrd (8t. Kitts) thought that every care should be 
taken to prevent tJie im}X)rtation of cotton stainors from Mont¬ 
serrat to St. Kitts. 

Dr. H. A. Tempany (Leeward Islands) said his experience 
was that the destrnctiv(* powers of the red stainer (Dysdercus 
delauu yi) iiu(\ {]w white stainer {I), andreae) were equal. In 
ivlation to tlu* occnn*t‘nce of boll disease. Dr. Tcmpaiiy thought 
that the internal boll rol lunl occurred in Antigua for mail}’ 
years, from tli<* obsei-vations he had made. This was interesting, 
in view of th<‘ fact thal i\ir red stainei {Dijxdercu^ dvlaaueyi) did 
not (K^cnr in Antigua 

The LRESnJEXT said he (M»nld support Dr, Temf>any's obser- 
N at ions in regard i(> Antigua. He then requested Mr. Flarland 
logiNi' the results ht‘ had «>btaine(l with the u.se of starch and 
Priris grtvn as an insectieidt*. 

Mi‘. S. < \ H \RLANJ> (St. \bnccnt) said that it was well known 
that all insects will avoid \egetatioii dusted wdth lime until they 
aj c forced at starvation point to eat. If a mixlui e of Paris 
green and Io\n gratle arrowroot or cassava starch be taken in 
the jiroportioii of 1:()0, it can be spivad vei‘} thinly, and cotton 
worms will eat it at onee. Moreover, lime has this disadvantage, 
that it is easily dissolved by rain-water, whereas starch has an 
adhesive pro])erty. Mr. Harland said he had UH(‘d the mixture 
as dilute as 1 paT*t in lott In regard to corn exjjerimeiits, he had 
shown that lime mixtures are useless, the lime itself inflicting 
severe injuries to the heart of the r.ovu ; but mixtures of arsenic 
and stai'ch in pi oportions of 1:30 or J:10 were all cfl’ective. Mr. 
Harland tbonght ,that it might pay to produce low^ grade starch 
in some of t he islands as material for this mixture. He thought 
that almost any kind of starch would answ^er the purpose, even 
w^heat flour or |>ulliird. In reply to Mr. F LI. Shepherd, Mr. 
Harland said that in dusting with Paris green and starch he used 
the sani** ticklinghurg bag as was used with Paris green and 
lime. 

Mr. H. A. pALLor (Imj)erial Department of Agriculture) 
said thal where a mixture of Paris green and lime in the proportion 
of 1:6 was used, there should be iiu reason why the leaves should be 
made lepellenl to the ct»ttuii worm. In cases where too much 
lime was used, it did drive the worms away from the fields. 

In reply to Mr. Harland it was elicited that in most of the 
islands the application of Paris green and lime was in the pro¬ 
portion of 1 of Paris green to 6 lb. of lime per acre, depenaing 
on th« ciass of labour employed. The use of esccessive 
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amounts of lime and Paris green was mentioned in certain 
cases. 

Mr, 8. W. Howes (Montserrat) mentioned that in one season 
he had used 30 ft), of Paris green per acre, in eoinhaling an 
outbreak of cotton worm, and thaL the opinion vvas gaining 
ground that Montserrat was infested with cotton worm from 
Antfgua. It was his intention to experiment with Paris green 
and starcli, as recommended by Mr. Harland. and he now ]iad 
14 acres in potatoes witli the object of converting tliem intu 
starch for tlie purpose of dusting. 

Mr. H. A, Ballui (Imperial Oepartmeiit of Agriculture) 
said Mr. Howes had raise<l a most inleresting point in connexion 
with the infestation of Montserrat by cotton worm from Antigua. 
The powers of lliglit of the moth wrre extraordinardy great, and it 
was becoming the geiiei’al opinion iji America that tlie rotton 
worm does not hibernate in tlie Tinted States but tliat every 
outbreak is the reijj^ult of frcslI invasion by Might or wind. Mr. 
Ballou WHS not sni’.^ that they di<i n<‘t- hiliionatr in some oi 
Ilu‘ West Indian islands, and tliat it was very likely tliat an 
island without a close st'asou like Antigua would (*arry llicm over 
])eUer than an inland likt‘ Moutserral. whieh had a close seas )ii. 

Mr. K, P. PEX<'nEON (.Moiiistsial said luMlid not lliink th:b 
Mr. Harland’s sugg<*stiuM asl.) the use ol siar<'li instead “1 lime 
^vould b(* j)ra<‘( ieabir, on ,‘M*e.oiiii( of I ho large ainoiinl oT slar<'h 
rerjuiri‘d. 

Mr. AV. Now ELL 11 111 perial I )'‘|)arl meul ol Agneiillmei then 
said a few woi*ds coir'erning Imigus djs»*ases of e‘o|{ou olliei- Ilian 
the inteiaial lioM dis«‘ase. lie thought lliea.< tual damage done l»} 
aiithraeiiose was n ery small, but a dis(*a.se wbii'h niiglit liav^- a 
serious elfect undm* eoitaiii (Mnalitions N\as tlie bacterial lioll 
disease wbicli attacked l!ie outside of the IhMI :i.s <iisthiet from tie* 
inside, as was the casi‘ wit h internal boll rot. 'riji‘ dis“as(‘ iseauseil 
i)y a bacterium wbieli is also the cause of angular leaf spot and of 
black arm. The <juestioH of the prevalence of l>aeleria,l diseases 
was very largely a (piestion of moisture. lii 8t. Vincent th(‘ 
greatest trouble was experienced in liiimid dist-ricls. Mi*. Nowell 
thought t bat under such euiiflitious growing a less leaf\ type of 
plant was well worth (‘onsideivition, since tlie reduction of fojiag*' 
would J’eahiee the moist ui'e afouiid the plant. Ih'understood tliat 
as regards resist a n<*e lo di.sease. s*»me sneli eliai*ae(<'risti<‘ had been 
observed in r*‘gavd to ba»'teriai boll diseast*. IT* did not kno>^ 
whether that resistaiier was hei.Mblar\ or not. In '*on(*lusion 
he asked tliat a ejear distin<*tion should be nnnh' b^ ivecn tlv' 
bacterial boll <.lisease ^^llie]l atLn k« n tlie outside jjf tia* bf>]]. and 
the internal boll dis»'ase. \n inch .itlaeked the insid**, and Inch 
was tjie one tlial was coin e\rd b\ roltain st.nnei'^. 

Mr S, < \ H\ULANt)(Sl. Nile enl; s;i id 1 hat lh»‘n attoinpt • to 
produce so ••nllod resistant }«;;d n.»t iitH'it su».^.cesslui in 

practicf. il#' limn;, hi that t h*- 'oignj.il pl.int . -»^'lect.ed 
vesistnni eitliei th» on^^b the luai !'»in-o *^ 1 . InineU He thought 
the most useful hne of ^^ol•k inieg'^id tn pr**dnr in:j p -i-itant fypnj 
was through hybridization wuh thenatur l;^pe. 

Mr.W. Nowell (Imperial Department of Agriculture) pointed 
out that in selecting ]»|:)nL f.*« p>se>f;»in'i- t.. dis*‘»s«' w* 



much greater chaiife of succeeding if the selection was done with 
special reference to a s[)ecilic disease than in respect of diseases 
in general. P'or example, if a plant- were chosen which was 
resistant to root disease ami it. were attacked by internal boll 
disease and \v«‘re condemiie<l on that ground, they might be 
condemning a plant for a fault it had nothing Avhat-evor to do 
with. Mr. Nowell was of t he opinion that individual plants could 
l)e found ])ossessing hereditary rcsistam^e to bacterial boll disease. 

Ml*. S. C. HAin.ANI) (St. Vim-eut) did not deny that there 
might (‘Xist in Sea Island eotton hereditary resistance to angular 
leaf spot, for instance : and he iidmitted in regard to the experi¬ 
ments in St. Vincent. that tlKMjiiestion of resistaiu'o to internal 
boll disease took a very small ])art. But he wished to insist 
that unless resist.aiiee was shown in tin* very next generation, 
ther(‘ was no use going any further. 

In bringing this discussion to a dose, the PnESlDENT said 
that Mr. Harland’s remarks temled to show that exjieriment 
station work is now being deV(*loped more and more on definite 
lines. Consideration would hav(‘ to he givam in tlie near fntnn* 
to prohltMiis of more and more tlunn’i^t iea.1 valm*. and planters 
and administrators innst n‘cogni/e the m'cessity for making 
provision for carrying on the work. Some of tin* problems 
which had already been outlined, involved the employment ol‘ 
men of very higli and s]K*e.ial training. He thought that in 
the near future it would become absolutely necessary to tNstahlisli 
in the West Indies what he had long advor-ated. namely, an 
institute of research — an institution wluax* c<)innu‘r(aal <-onsider" 
ations .for tla' time being wcav set on one side, and wlieiv^ 
sdeiililic work(‘rs devote their tiim* to pui*(‘ly tlusireticuil lines 
of work, the ajiplication of the results so obtained h(‘ing the 
<hilv of experiment stations themselv<*.s. He thought also, tlial 
sueh an institution might ]H>ssess a teaching side, and that it 
would h(». st.reiigthencd by clo.se associat ion with the great tea(*h 
ing institutions in England, (bulcrsnch an arrangement, imai 
who liad ie(ieived a. I'liiversity training in England could come 
out, and study under tropical comlitions in the West Indies. In 
that, way tlie, institution would seiaire in(a*e,as(Ml vitality, ami 
would 1)0 in contact with the best sources of knowledge and in¬ 
spiration. Ho t jok the opportunity of throwing out tlu'Si' observa¬ 
tions not for discussion at the ])resent moment, hut as ideas whi(di 
should, when the war ('los(‘d, he. amongst the first things consider¬ 
ed in connexion witli agricultural advanc(.‘ in tlie t-ropicNs. 

The subject then bronghl up for discussion was the destrue- 
tion of cotton hush by hnrniiig. 

Destruction of Cotton Hvsn nv Bitrnin(u 

Tlie JhtEsrDENT said this was an important matter, and one- 
which in some places had lt‘(l to h*gal enacrtniejits eonipelling 
peopl(‘t.o destnw old cotton by burning. He would lif e to know 
wheth<‘i‘ (*\peiiencti bad bten obtained to show wlietlu’r the 
jnactice of bnrnijjg is wise or m»l. 

jMi. E. li. ShbfhekJ) (8t. Kitts) then read the following 



NOTES OxN THE DFSTKUrTlON OK COTTON HCSIIES HY BUKNTNO. 


Ovvin^ to lli(^ [)i’(‘vaJ<*nr*f* of niii postH siioJi ns leaf'])listoi' 
inilo and l)]aok scalf^, winrii attack flic i;’ro\vin^ plants oT ('oitoii, 
it ha8 been the i>cnci’al cnstciii, in the j)ast, espceiall}’ \\her(‘ 
ynectjHsive crops ot <‘otton are <jr|(,\vn on t he sann* land, tc 
the cotton hashes In burning, with the object ol’eradieatin^j^ the 
pests. The cotton bushes have lieen ^eiK'rally pulled oli‘ and 
burnt a month or so Ix^fore next plantinp^. 

In St. Kitts, with the est.ate system <jF cottoti [)lantin^, whei'e 
cotton is only planted in the sane* field at. intervals of about, two 
oi- tJiree y(‘ars, th<*c*ust.om has always ])ef‘n to bury in tin* cotton 
bushes as ^»‘('en mannrf-, and nf»t to luirii them, it ))ein^ (*.on 
sidered that there n as no daniijer from pests beiiic cai ried oii 
ari(U-so lon^ a time. 

()n tli<* experiment plots at La Gu<u‘it(*, the eottoii bus es 
have alway.s ])een })ulled ojf and burnt, until t be last two years 
when they have been buried in as t»;re<‘u mamn'(‘. Tb<‘ leasou 
lor t bis (‘baui^e was 1 Im* i*esull ol obs<‘rvat ioirs made on a luu^b 
bourmc^ field ol’ old eottou bus)ii*s wbieli was s(‘ver»dy attack-^d by 
leafdilister mit(‘. In this (*as»-tie* eottou busljes W(‘re tuiaied 
under I ]i(‘ ba id\S as j^re^m maniii'c au<l the eot I on seed sown at 
the same 1 iine on tie* etuitres ol' the oi-oss }i(»l*<\s. It wrs natural- 
i> suppos(‘d t liat this j)ractiee was eiit.ijvlv wroucaud that tlic 
>'ounc. plants wou]<l bi* attai-ked 1)\ tin* mile as they eame up. 
'riiis bowevcM’ did not ba[>p«‘U, as t he mil did not atta<k the 
jilants to any greater exftait llian is usually tliecase. 

f'rom this som(‘what l.uirc exptM'iment it- seeiiKal to un* 
sounder. iVoin an aeri<*nll iiimI point of vi<wv, tol^uiy in the Imsbtxs 
than to bniau it the dane;<‘r oT inhs-lion From leaF-ldistta* mile was 
not present in any oreatta* deortM* than wluai tlie plants wane 
burnt, and toi* the last two years t he cotton biislics Ici-vc been 
turned nndfM' tli(‘banks at the expfaamcnt ])l(»ts at La CLuhitc 
about six waa^ks bf‘Forc the land was a^oain planted in cotton. 
NV^Inai the bushes ar(‘to lu* burital, earc should bt‘ taken To pull 
tliem oil ami not (ait them down, as in tli(‘ latter case tlnu’e is 
a risk oF shoots eoinin^ up Fr«»in tin* old stump, wbi(*li ahvays 
carry on t 1 k‘ mitex 

Where possible tlu^ bushes should be turma] under at 1- ast six 
wa*eks to t wa) mouths Ixd'oia* t b(^ ])laut in^ oF any new' (u)tfon, to 
(Miable tlnan to rot down and so l(‘s.s(ai the (*bance oFaiiy feianenta- 
tion luan^ pi'^vsent t(> injun* the seed planted, and to minimise the 
risk oF the mitebtano still living wdien the cotton is planted. 

IF the ])r(‘cautions mentioned above are carried out, I am oF 
opinion that the [iractice of bnryiii<;' in tla* cotton })iishcs as 
manure is very mneb more benernaal to the next (‘rop than the 
past custom of burnino- tin* l)uslu\s. Fj*om observations made at 
lia (jiucrit(‘, J am convinced that there lias been no imu'ease in 
](‘aF-blistcr mit(^ sima^ the. bushes have Ixaai burical in. 

tfoii. J. S. IIoLiJNiiS (N('vis) said that in 1)ic earl^^ days 
planters were advised to liurii all old cotton luisb and tiny' bad 
done so for sevm-al years ; lately they had been advist‘d to tui*ii 
them in and bury tlu^m, wdiit^h he thought was much better bw 
the hind. 



l)r. M.A. Tkmi'AN^ (Lei^wanl Jslanrls) said that fjoin a 
innmiria] point ot view the burying ot r-oitoii bush was advisable 
iiuder one set ol couditions but not under another In St. Kitts, 
tor instance, owin^^ to the large degree of aeration that existed, 
tlie decay of buried material is rapid : consequently burial is 
satisfactorv ; but in heavy soils aeration is much less and decay 
vvould be slower and there miglii be developed bacteria which 
^vould act unfavourably to the bn lilit v f>l ibe soil. He bad n(> 
u]>jerUioh lobinying ootlon bush exeepi tm that seoiv. 

Mr. S. i;. H ARLAXI) (St. N'inrent.) ment ioned thal lialls had 
]>oinled out that in Kgy])t, decaying cotton l(*aves bad a toxic 
act ion. 

Flon. L. VVarnkfurd (Antigua) said that the ])ractice in 
liis island was to burn the cotton bush : some persons burnt it in 
rows, others in heaps, the resulting ash being distributed 
ihroiigliout, the fields. 

Mr. K. P. Fencheon (Montserrat) thought it was ne(*essary 
thal people shotdd be compelled to destroy eot^ton bush by fire, 
fspe(*ially when^ p(*asant growers wert^ (*nn(‘erned ; oiliorwiR(‘ 
(•niton bush, ]>ossibly infested witli lHaf-blist.(M’ mite, wouhl remabi 
scat tenal about and might become tin* soui‘ec nf infestation to 
ueig]d)ouring cotton. 

Mr. S. W. Howies (^lontserrat ) agn^ed that tin* dc.strnction 
nf cottoji laish slnudd l»e made coni}>ulsory. but whether by 
burning or butying sbnuld be hd't to the option of the cotton 
gr*o\vei‘. 

lion. .1, S. IlOMJNds (Nevi.s) agreed with INIt*. Howes. 

'The President said Im^ would like to ask Mr. Jhilkm and Mr. 
Nowell wlietber tlayv thought t.b('r(' was any tiling in old irot-toii 
])lants which might lie carried over to futiiie crops if the bushes 
were not buried or burnt. 

Mr. H. A. Ballot (Imperial I)(q)arlna ut of Agriculture) 
said that as regards scale insects, as the plants dried ii]), the scales 
which are not motile would die loo. Mor(‘over, in heaping up 
the bush the jiarasites which miglit he infesting then*, would 
es(.-ape and be jiresei'ved. As regards l(*.af-l>lister mite, if there 
was a close season of two and a lialf or three months he did not 
think there Avoidd be any great(‘r risk of infestation if tlie 
bush were pulled up and allowed to lie on the fields than if it 
were buried. Fie tlioughi. luiwever, it might be safest to have the 
bush burnt. There was no other insect pest of any importance 
the control of whi(;h would he affected hy the hurning or burying 
of old cotton hush. 

Mr. W. Nowell (Imperial Department of Agri(;ulture) said 
thal with respect to fungus and bacterial diseases, lie did not 
know of any reason wliy burning should be considered preferable 
to burying. He thought one was as good as the other. The con¬ 
ditions in the soil were certainly not the conditions obtaining when 
the ])laiit is growing, and would he inimical to the continued 
existence of jmrasitic fungi or l»actei‘ia. Th(‘re was however 
some dang(;r to he l(3oked for in the ease of piling up bushes on 
peasant properties. Spores might he formed on this material and 
disease get distributed in that way. 
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The President, in summing up the discussion, said that it 
seemed to be the general opinion that it did not matter whethei* 
the bush was burnt or buried, as long as what was done was done 
thoroughly. 

Hon. J. S- Holdings (Xevis) then read a short paper in 
which he called attention to what he termed ‘ natural elasticity ' 
in cotton fibres, the result of natural twist. He thought that 
if two fibres were spun together, one fibre having but little twist 
and tlie other a great deal, and then the combined fibres were 
subjected to a pulling force, the fibre with but little twist vvoulri 
bo subjected to tensile strain before the fibre with a great deal of 
twist, owing to tlie greater ela.sticity of tlie lat ter. Therefore he 
thought the fil)re with but little twist would break before the 
other, and this was the reason why there should l>e uniformity 
of twist. In other words, uniformity of twist meant strong yarn, 
and lack of uniformity of twist, other tilings being equal, meant 
weak yarn. 

The President stiid lie thought. Uieiv was no doubt that 
this question of twist or (*oiivf»]ution of fibre is of very great 
importanee, and quoted tlie following from Ikills’s book on * The 
Development and Properties of Haw ('olton ' 

* The ideal cotton sarnjil** is one in which all the liaii’s are of 
tlie same length, diami^ter^ and wall thickness, wliile all have tin* 
same numlier of convolutions per fibre in the same direction, 
spaced at. eijual intervals from end to end. Sueli a sample 
would iiiterlo(‘k in H]iiiiiiing so as to give th(‘ maximum resis 
tance to slip for whatever twist, it i-eiteived.’ 

Obviously the question of eonvoluiion was one whieli experi¬ 
ment station workers would have to hear in mind. 

The Conference then adjourned for luncheon. 

Hvjmin CoiToN. 

On resuming, tlie pRKSfi^ENT called upon Mr. T. Jackson 
(Antigua) to read a short note on hybrid cotton. sho\\ing the 
line ol work in this diiection in Antigua. 

A N'O'I E ON HYIlRlD ( OTTON. 

Tile wolk <if ]iybri<lizing e<»iton was oommene(‘d in Antigua 
earh'in the year till0. In the first in.sta.nc(‘ live (*rosses were 
obtained, four of whi(*h were successful ; vuhseqnently llie various 
varieties whii'h wereevol\ed neeessitated work which was beyond 
the powers of tlie officers of the Agrienltiiral Dejiart ineiit to cope 
with. To illustrate tliis, it might be inmitioned lliat in one y<au 
alone more than 400 lint examinations were made at the Botanic. 
iStation, and it became necessary in tlie year Ifill-lo to coneen- 
trate work on one variety. 

The details involved in this work have been published in tlie 
Annual Reports of the Antigua Botanic Station, and it is not 
proposed to bring them forward in these notes. It may be said, 
however, tliai the characteristics which were taken as a basis for 
Mendelian classification were lengtli of lint .and resistance to 
leaf-blister mite { Erwphyef^ gossypn). 
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Fi'oin the preeedin^ it will he seen that tlie work has been 
c-aiTied on lor some six yt^ars, (hiring wliieh a variety lias been 
ohtMined having eliarat* ers wlii(*li may he re^jardtul as (ixed. 

'Pile lield t-]iar;ieters ot this jiyhrid are, eii the whole, good ; 
the shape o! iJie plants is ])yrauiidal ; their height and breadth are 
somewhat gr(‘ater than that of the ortlinaiy Sea Island, with 
bolls t hat are about th(‘same size. It is not, in any way more 
resistant to leaf-blister mite than Sea. island (*otton, and is 
iip[>arently a faiiiy lieavy yiel<h*r, for it gave at Skerretts, on a 
plot !-a(a*e in ar(^a, a yield at. the rate of l.UOttll). of seed-ootton 
to the acu'e. 


The lint, was recently sent t.o the (Government Laboratory 
for an independ<‘nt examination. The results obtained were 
as follows : — 


Length maximum 

minimum 
avtu'age 

Strength weak 

PL ejiness fairly (‘ven 
Average dianuder of fibres 
Lint per(*<‘ut. 


46*3 mm. 
lO'O mm. 

I3*33mm. 

1*5 points out of Itt* 
7’8 points out of 10 
' 0100 . 


ddiis re(|uir(^s lit tie oominent ; the average diameter of the 
individual tifjre is mueh abovt*, whilst the twist of tlu^ individual 
libres was mneli nior(‘pronouuee(l than tho,si‘ of ordinary Sea 
Island. 


Jt was hoped that the liybri<l iindeu' disenssion would be 
valualde on lu*avy lands in Antigua. 1die (jiiestion of finding a 
ero}) to rota,te with sugar-e.ane on sueh typ(\s of soil is of great 
iinport.amu', and past ex])«uieii(u^ indicates that ])nr(' SfM 
Island does not prova- remunerative when ns(‘d foi* tins purpose. 
Liider no (jireumstanees is it suggested that this liyhrid should ht* 
grown on the ligliter c'ott on lands of Antigua. 

Such a variety (ainnot, witli onr knowledge of the danger of 
a possible admixture of oiir pure strain of (M)tton, be introdiieed 
into eultivatioii in a haphazard manner. 

Its possible importama* is sullieiently' great, however, to merit 
a ear(d*nl eonsidoration of the uielhods which should lx* adopted in 
tln^ futnr(‘ for the eontiol of seed if planted as an estate crop. 

(111 the other hand, the (jnestion as to wln^tluT the risks 
involved, (.*oimeeted with the introduetion of such a hybrid, would 
he ooinuKUisurate witli possible gains obtained, shoiikl Ixi carefully 
(?oiisider(‘d. 


ddie PriESUtENT observed that this was a liyhrid (a)ttoii 
which it is not. suggested should ht‘ iiitrodiua'd for general culti¬ 
vation. Jt was a s[)(‘cia] type introdiu;ed into Antigua for 
cultivation on (‘lay lands where (jrdinary Sea Island cotton will 
not thrive, and with the ohjert of enabling sugar planters to 
rotate cotton with cane. The President pointed out that this 
type was no source of danger provichxi reasonable care was taken 
not to grow othei* Sea Island types of (jotton for seed purposes 
anywhere in the immediate neighbourhood. He said Antigua 
was an island so broken up into districts that this particular 
type of cotton and ordinary Sea Island cotton could be conveni- 
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eutly ^I’owii wiiiiont danger <»f iriixiii^. II(* then asked 

Mr. Harland an(1 Mr. Jaekson l.o say Honietliin^ in connexion 
witlj 1,]ie work they ha<l done on I he ]>uddinc; and triari in^ of 
cotton. 

Mr. S. (\ llAKLANn (Si. V'^incent) said tliat. hel'orc he dealt 
with the (jiicstion dI* hinldin^, he would lik(‘to rel'er to what 
Mr‘. Jackson had read in his ]ia|)t‘r on hybrid ooMon Mr. 
.laekson had shown that his <M)t.t()ji would breed true to Ih ninn; 
obviously ^rowin^‘ this cotton and crossing it with ordinary Sea 
island would not affect the oi*dinai*v length of Sea Island. But 
it, was shown that, t he diameter of* the lint of' tliis hybrid was 
grf‘at(‘r. Mr. Harland wisht*d to know what would be the eilbcM 
oT crossing a, ty[jc ol* this diameter with a type oV high diameter 
one g(‘ts in Sea Island. He said that this cotton of Mr. Jat'kson’s 
might b(» ])ossibly |)urer than the ordinaiy Sea Island types 
alr(‘ady in t lie island, and il it possessed disease resistance, it would 
prove a vtTV valuable typt* for (u-ossing })ac,k to Sea Island to 
gain improvcmuMits of lint ijiialities. Mr. .laekson had made 
an analysis and had isolated the pinv type. If he isolaterl 
aiiothei- pure type not ]a>ssessing good »|Ualities, it seemed to 
Ml*. Hailaiid to l)c an easy matttM- t,o go on develop»ing and 
isolating all good <jualitaes of botli. 

With ]‘cgai*d to budding, Mr. Harland said he had staided 
the (‘Xj)crim(‘nt when angular leaf s])ot was hist prevalent. He 
budded on the oribnary Stai Island (rotton, and when tie* bud had 
<lcv«dop(‘d he found that it was not enlirely immun(\ but was more 
r(‘sistant than tiie oi-dinary Sea Island. He also ])roce(Mled t(* 
work in an o[>])osit e direction, and took a resistant bud ami budded 
it. upon ordinary S(*a Island cotton. Tiiat regained its oiaginal 
I'csistancc. H(‘ thought that succ^ess might depend upon tlu^ 
])articulai’nodes that wt‘r(‘dt‘alt wil.h. He had otdained suec(*ss 
in cases where* the immunity w.as not h'ss than in othci's, so tliat 
in this work it is nt‘cessary to stdiad stot'k and tiy experiments 
willi ty|)es whicli show most rt^sistance. But the point of great 
imfiortaiiee was, that when one has a. ])artieular (piality and 
a pm*e stiain and wants to eontimu^ it,, one eaii do so ly budding. 

Tiit‘ I^HESIDKN'I’ said it, was intiM'esting to l(‘arn that luidding 
was a (M»mparat,i\a‘ly easy proce.ss. The point to lx* borne in 
mind was that in budding om* is able to [ireserve the good 
(pialities exhibited by a })ure strain. The President then said 
that that eon(Jiid(*d the wdiole of tlie business of the (\)nf\*renee 
in regard to the giaieral sessions. 

( llNCH'SIOX. 

His Honour the AdministhaTOK of St. Kitts then rose and 
said that, Ixdore the Confenmee (dosed. In* w'ould like lh(- 
delegates of 8t. Kitts to join him in thanking Dr. Watts for 
holding the Conferenci* in their island. Having attended prac¬ 
tically the whole of the sessions, he liad beim able to S(.*e tliat th(‘ 
(‘veiit of tin* (VinfereiK^e had bt'eii of great, benefit to the islamf. 
He lelt sure that the knowledge winch had been brought 
forward would be found useful to everyone. As far as he himself 
was concerned, lie had learned a gj*eat deal which would be of 
great use to him in one part of his work—the greasing of the 
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whepl« f/ tlie iiral coacli ; iu Hiis case greasing the wheels 

of the eotton eoaeh. lit the eoiirse of Die Conference Dr. Watts 
had referred to tlio need for increased funds for experimental 
work, and although he was not in a position to make any promises, 
he would consider the suggestion under ‘ the most favoured 
nation clause ' His favourable attitude in this direction had been 
greatly increased by the great value which he had seen is always 
attached to properly ari-anged and conducted investigation 
work. In conclusion he asked tlie delegates of St. Kitts to join 
him in ac(?f»?*ding :t v<ite of thanks to Dr. Watts for tb(* great 
benefit that he had confeiTod in arranging and conducting this 
Conference. 

Mr. A. M. Kku) (St. Kitts) said he had much pleasure in 
seconding His Honour’s motion. He felt that everyone liad 
learnt a ^reat deal, and he was sure he was only expressing 
the opinion of the whole body of cotton planters when he said tliat 
Dr. Watts and tlie Imjierial Depfirtmenl of Agriculture had done 
and were doing a great deal foi the cotton industry in the West 
Indies. 

His Honour tlie ADiMINIstr.VJ'OR. hy permission of tin* 
IVesident. then ])iit tln^ motion, which was caiTied iinanirnonsly 
and with applause. 

The Phesidknt (Dr. Watts) then ros(‘ and sairl, the time 
liad now come wlien the Conference, wliieli had been held, lu^ 
thought, with very great success during these five days, must 
close. Til the first ]ilace lie wished to tliank all the delegates for 
the efforts they had made to meet togethei* in Ht-. T\itts, to h^ave 
their businesses with the ohjeet of helping to solve the many 
problems wliich confronted tin* irotton growiu*. He had to thank 
also the I^residency of St. Kitts as a whole, for the veay generous 
and kind manner in which they had received the visiting delegates. 
The manner in which Old Government House li;id Ixam placed 
at their dis])Osal and arrangements made whereby delegates wei*e 
enabled to lunch there witliout leaving the building, had 
been a great, convenience and liad beim responsible for the 
excellent punctuality wliicli had eharacttar/ed laicli scssiiai. Tlie 
President could not ladp referring to the pleasure it had givaai 
iiim to find Major Burdon pi-esent at practically e\ tay session. 
FTe felt sure that it would lie helpful to Major Ihirdon in his 
administrative work : he said it with no sense of false modesty : he 
knew it would be lielpful because Major Bunion had thus 
obtained an insight into agricultural afhiirs w]iif*h he would not 
otherwise have had an opportunity of dvjing for many years. 
Tlie Conference could he regarded as .a sliort cut to agricultural 
knowledge, and was in this respect, an exceptional opport-unity 
for those who did not ])ossess technical knowledge. 

Tlie President, continuing, said he must extend his thanks to 
the Ai^riciiltural and Commercial Society of tlie Presidency for the 
many things it had done to faijilitate their work, pariicularl>' the 
manner in which it provided luncheons at Old Government House 
day by day. Acknowledgment was also dm^ to the St. Kitts 
Mutual Improvemenl Society for several acts of kindness. 

Turning to the Conference itself, the President said that it had 
been a great success because of the work that had been put into 



it TluMUihuUit of \vork lliat lia^l !) mmi Moetonplisluwl I'ur 
that which lie tixiJiM/UMl would Imvi- Im.hmi o*ot through The dis 
cuasioils had all heuii very pra(;li(-a] and interesting*, and had 
served to enlighten everyone : he was sure there was not a single 
iiieinbei sealed around the table who had not gained 
much knowledge ovet and aho\ e what he possessed when he 
odine inT(* ihe roton B\ enlightening themselves m matters ol 
iliis sort, li\ acting in <out>oit, l»y underHianding that competition 
was not bet w»M>n thenist*l\es lau tliat they should strive t(j 
huihl up a united i'otion lndiisii*> lor llie Wt\sl hulies so 
that, tliey max b(‘ able to speak with assurance of the 
West Jndianeotton industi vand niakt* it, command respect in the 
Manchester Cotton niai Aet. is the way to achieve snecess. That 
Was what a ConhTeiua* of tliis kind would go a long way in doing. 
(Joni'ei-enees of thiskind also wetil a long way towards making them 
undei'stand the ir.trieaeies <»!' tlndr husine^s. all those tlilfieulties 
attending the planting. <‘ultivation and rt^aping of tlie crops, 
defending them frmn inseet and rtingns pests, providing 
tlie liesl ty})es ol seed, mastering all those (tom}>li(‘atious of 
plant breeding about which they were only on the fringe of 
knowledge. They also went a long way tow.ards bringing 
together those people wlio wei-e working iti all kinds of different 
rapacities, to hear about the kind of work wliich eaeh member of 
tliis fraternity does liow out* man ]>lants and enitivates ; 
iiow anotliei* produces a good type of seed : anotlier a<lvises as to 
meilio<ls ol' control : and <Mcli learns to appreei.ale and n*s|)eet the 
work •)f tlie otlier. so that the work (►f the whole advan<‘es w^ith 
no mieertain st<‘ps, .and pio\ ides the colonies r(*presented w itlia 
l>iisihess that is worth tlie li.aviiig, thus eidnineiiig ])rosperity, eon- 
teiit.neait and welhheiiig. Again tlianking t lie d eh‘gates for 
thtar atteiidane*'. the Ih*(‘sident then declared tlie CV)nf<u'enr<* 
closed. 


SCKCtAL SKSSION, 

Oil the next morning, Saturday, March 18 , .a special 
sessicni ih offnaal experiment station workers w'as held wdtli 
the object of flisiaissing imUhods that should he ado|>ted in tlie 
■^election ol (,*<>ttoii plants for 1 he production of seed for (ommer 
rial purposes. 

Koran aecount of the v.irious .systems operating in tln‘ 
dillerent islands, the reader is referred to the i-eport of the 
first and secamd days’ proceedings of t]it‘ (.'oniereiiee. During 
the present session, it w as decided that t i*e stilumie of selection 
wajrk in the different islands should remain practically the 
same as it waas at ])iv.sent-. In regard to Antigua, however, 
it wais suggested that seed should he interchanged between 
Vepton st‘ed farm and a station on tlie windwaird (*oast, wutli 
.a viiwv to deeiiling wdiether the etfeid of environment was 
rtsillv so prononneed as t'O leiidei tlie extra ti*ouble and expense 
of a second seed station necessary. It was .also suggested that 
in the examination of types. Balls’s Target methof) should be 
employed as the best means of determining the purity of strains 



PR<)DIT( TION OF SIELEFTRO STRAINS. 


1^h<‘ prou’oiiy row inrtliod. whif'li roneivod iTuioli (*oiisifioi‘ation 
in previous discnssiotis, was jLCriu‘rally locoi^nizod as thr only 
s;Uisfa(‘lor\ way of seloc l iiiij;' c*oHon. in r«*^anl lo the West 
Indies, il was decided that the luvst proiress to follow was that 
given ludow : - 

Fiist year. Progeny rows. 

Self a eonvenient nnmhfa* ol' ]>lants for <*on 
t iiniat ion of series, 

KxaniiiK* eaeh jiiant in eaeh progeny row for 
trneness to tv[)e. 

Obtain Spinnei*s’ and Bj*okt‘rs’ opinion of cotton 
from ea(‘]i progeny row. 

Second y<'ar. IMant ])l<»t.s from one or two best progeny 
rows to form s(MMj plot for eomnnacial planting 
next y(‘ar. 

Seleet s(*ed for starting n(*w pi'ogeny rows and 
i-epeat work as in lirst year. 

ddiird y(‘ar. Large seal<‘ planting (eommercial) I’rom last 
year’s s(»ed plot. 

Continuation of w<irk as in lirst and s(MM>nd 
y(*ar.s. 

Jt was In rtho]* suggest ed that |)i*odnet i vity should b(‘ jndgiMl 
(a) b\ nnm}>er of ilowau's :ind (b) by weight <»t‘ lint. While the 
gcne]*al liabii of the plants in eaeh ex[)erlment plot ‘-honid bi* 
re<*orded. 

LAROKATORY MEItfons. 

|neonnexi(m wirh the diseussi<jji on tlu* laboraloia work. 
Mr. Harland demonst !*at ed the niethod nsfsl by hiiu of dt‘- 
termining m<*an maximum Isiigth by measuring lint on s(juar(Ml 
pap(T. 

As regards the measurement of lint length, it was stat(‘d 
that in the Leeward Islands the mean length of availabk* libre 
is generally adopted, while in St. ^’^ineent the mean hmgth ol‘ 
the longest libn‘s was taken. Jt was thought that Ballss 
method whereby the mean maximum huigth was determimsI 
was perhaps not generally suitable for West Indian cotton on 
aocount-of there being, in all [)robabilily, much grt at(*r range 
of lint lengtli than there w'as in Kgyptian cotton. The method 
of measuring lint pulled from tie* st‘ed should Jioi Ix^ hastily 
discarded. 

The general lesult- of the distaissi<jn was, that it is regarded 
as essential that each worker should state precisely in his report 
what metliod of laboratory working he adopts. 

The following facitors should he return!ed : — 

Lini Index. The total xveight of lint from lOd seeds — 

This should he estimated on something 
over 100 .seeds and ealtailated to the 100. 

Avaihihle Fibre. All fibre measuring .‘17 millimeters and 
over is to be reckontul as available fibre. 
This is to be determined on ten seeds, and 



827 


recorded as a percentage on tlie weight of 
th(^ seed-(M)tton. 

(rimn)i(j oiitiiu n i. weiglu of lint per 101) parts ])y 
weight <»f secd-{!otton. shonld also ])e 
recorded. 

Sonic discnission took pla(*e clnring tl)is session concerning 
the value of scoriM^ards fop cot Ion Held-selection used in tie* 
Ijeeward Islands. 

It was agreed that selection in regard to resistaiu^e to 
diseasf‘ recjuires to lx* nioi*(‘ <lelinit«‘ and have relation to one 
di,seas(* at ji time rather than dis(»ases in genei‘al. It was agreed 
also, in connexion with lield-seh‘etioii, tJiat- (experiment station 
workers shonld ear<'fnlly rf*c(jrd ohservathins dealing with the 
gen(‘ral habit of the plants. Tliis applies to inanurial and planting 
ex[)erim(‘nt-s with (*otton, as w'(*llasto work in setxl selection. 


( -ONFEBENt K OlNNEIi. 

1'iie \'isiting d(‘lega.tes of tin* Confeionee <otei'lainod at 
dinner, at. Old (tov'ernineiit fTo'iS(‘ on the (wening ol Friday. 
March 17. th(‘ resident di‘l(‘gatcs and llie ])!incipal Gov<*rnnuait 
olHcials oftla* Pr(*sldency of St. Kitts-N(‘vis. ria^ Ihosident of 
th(‘ ConleiMaiCM^ (Hon. l)j‘. Francis Wat t'^. C.M.O.) occupi(Hithe 
chair. ('oxaa s w cj-c laid for t hirty-live. 

Among th(‘ gii(‘sts were His Hononi Major J. A. Ihirdon, 
O.M.O., Administi'aloi ol Si. Jvitt.s-N(‘vis, and lion, T. E. ]^\‘ll, 
roloniaJ Sc(*r(‘ta.rv, Bai’hados. 

Dinma* over. 

Dr. Waits rose and [)ro[>osed tlie toast of * The King 

The toast wais drunk with a'-custonusl honours. 

Dr. Wa^Ts next rose and said it was liis pleasing duty to 
]ia,\e to propos(‘ the t(^ast of tlie Presidency of St. KittS'ISh/vi.s 
and lh«‘ Agri(*nltnral ami Commercial So(;iety. Ho ivferr(‘d t-o 
tlie kind waiv in which th(‘ visiting delegates had h(*en received 
hy the island, .and he felt tliat this had greatly lielped llieni all 
to a(‘hi(‘V(^ results tlirough the Conference whicl] would lx* of 
eonsid(‘rahl(* utility in advancing the welfare of S(. Kitts-Nevis 
and <if thos(* otlua-islands which art* interested in (xitton. He 
then refernxl to the fundaiuental importance of e(jtton cultiva¬ 
tion in the Presidency of St. Kitts-Nevis as a stnirce of wealth 
and revenue. He called particular attention to what cotton had 
done foi‘ Nevis and Anguilla, h<»th islands [irevious U> tin* r(*vival 
of cotton growing l)(;*ing in a very }>erik>ns condition liiiaucially. 
Continuing, Dr. Watts refeiTed to the inaiiy kindnesses that had 
Imhmi rendered hy tin* Agricultural and Commercial Society, and 
he ])oint(‘d out tin* important position which such a Soci(*t\ 
occupied in tlu* community, for it w\‘is in .a position to [irovidc the 
( Mivcrnnumt with information and advi(.*,e (jf the greatest value 
for successful administratiV(‘ w'ork. 

His Honour M AJon IJrilDOK, in responding for St. Kitts-Nevis, 
said that he was [)leased to hear Dr. Watts's favourable 



328 


prognosticationB as to the future prospeinty of the Presidency. 
He realized that the natural conditions in St. Kitts were of the 
most favourable kind for cotton growing, the soil in fact being 
amongst the finest in the world It had to be realized, however, 
that the finances of the Pi‘esidency were at the present time at 
rather low ebl), but tliat was only temporary. He was sure that 
before many years were passed a large surplus would be found, 
and that tliey would tlien be able to consider furtlier expenditure 
on [)ubli(‘ works and oth(‘r matters liefieficial *t<> the planters' 
interests. 

Mr. K. J. ShelpohI) in responding on behalf of the Agricul¬ 
tural and (Jomnienaal Society, said he llionght t heir thaiikks 
were dur to Dr. Waits for holding the ('onference ii> St. Kitts 
rather tlian thnl Jh*. Watts's tlianks were due to them for tlit'ir 
reception. Mi*. Sheiford felt tliat- the best person to speak for 
the Agriiailtural and Coniinereial Society of St. Kitts was tlieir 
indefatigable Secretary. Mi*. K. H. Shepiierd. t Mntinning, he 
• ‘X|>ressed bis a[)pi*eeiat ii.>n of t in* work wliieli I lie Jmperial 
Department bad dom* in connexion wit li cotton growing, and 
spoke ol tin^ value of that institution s publications. 

.Ml*. H. I\. MiiJ.ViLl.K then proposed the eonlinned sneeess of 
t-lu* cotton imlnstry. 

Hon. U. L. WminKFOHP responde<] luNirtily on behalf of 
t'xej'yone prcsemt who was inteiested iu jlie(‘ot-lon i/idiislry. I]«* 
said In* liarl great faith in tin* indnstrx in the past, ami he ha<l 
faith in it for the future. IbMlionglil, liow e\er*. I lial a better 
inark(*1 was m‘(^de<l, and that t he growei* should eonline liimsell 
to piv)dm*ing only that wbieb the market wants. 

Mr. A. M. liad great pleasure iu supp«uliug l!i*‘ 

jnevious sp(‘akei*'s remarks, aud referred to the bouelits St. Kills 
bad derived from the industry. 

Dr. H. A. 'rEMPANV then rose to pj*opose the toast of the 
Organization and Keeeption Committee H<‘ said it was cliiefl 
due to tlicni that they had such an extremely jileasaiit and 
comfortable stay in the island. He [pointed out the exi^ellent 
arrangements tliat had been made for tlie aecoinniodation of 
delegates at Old Clovm'nnient Ibmse, and the large amount of 
work done In Miv Shepherd. 

Mr. K. K. Shepiikhp tlnm lejiliedou behalf ol tJie Organi/ing 
and Reception Ooinmittep. He said it was largely through the 
hearty vsupport of tin* Agricultural and (Auninereial Society that 
they had been able <o make sucJi arrangeinenls as were made, 
and larg('ly t.o t In* kindness of eej*tain ladies that arrangements 
bad been made in regard tr* doinestie inat-t4‘rs. 

Ml*. W. M. \^ niLE^ then respomled lo tin* toast proposed b\ 

Dr Tern pa n y. 

His Honoui Ma umj HurpON then ])rojM:>sed tlu* heallli of the 
visitors In the Conterenee. He referred to tin* grcfu pleasure P 
gav‘3 him tri meet the \ isiling delegiUes to lenew- njc] frienrlships. 
and to make new ones The rionb r4*m*e liad als(» luriiished him 
with a large amouni ol information ^vh^Lh could not fail to be 
of value in his administrative work. He went on to say how 
much tin* Coiifereiive had made him realize tin* useful work 
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the Imperial Departniont of Agriculture is capable of effecting. 
He had seen more of this work during the past five days than 
he had for five years in Barbados. One of the good things thst 
this Confoi-enoe liad done, he thought, was to give his successor 
at Barbados, Mr. Fell, the new Colonial Secretary, a true and 
just idea, such as he himself had i*ealized, of the \ ahie of the 
work which the Impej’ial Department is doing. 

Hon. T. E. Fell, in tlie course of a speech thanked the 
Administrator for the (M)rdial way in which he had proposed 
the toast, and he thanked all [)resent fm* the manner in which 
they had received it. 

Captain *1. Dew ex^^ressed on l)elialf of his cadJeagues, the 
gratefu' appreciation of tlie people of Antigua to the people 
of 8t. Kitts for the generous hospitality shown by the latter 
during the Conference. 

Mr. K. 1*. Bench EON tlieii .similarly expressed appreeiation 
on behalf of the Presideirw of Montserrat ; he was <|uite certain 
that that island would grr‘atly benefit from the discussions that 
Ijad taken place; at. the (.^mfereiicc, and he an<l liis colleagues 
valued the opportunity «)f taking part in it. 

The National Anthem was .sung and the proceedings 
terminat(;d 
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